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IN  MEMORIAM 

HENRY  EDYtARD  CRANPTON  (1875-1956) 

Henry  Edward  Crampton  was  bom  in  New  York,  N.Y.,  January  5,  1875, 
tlie  son  of  Henry  Edward  Crampton,  a  physician.  He  attended  the  College 
of  the  City  of  New  York,  1889  to  1892,  and  transferred  to  Columbia  Unir 
versity  for  his  senior  year  where,  in  1893,  at  the  age  of  18,  he  received 
the  degree  of  Bachelor  of  Arts.  At  that  time,  the  Department  of  Biology 
vas  under  the  dynamic  leadership  of  Henry  Fairfield  Osborn,  and  the 
staff  included  Edmund  B.  Wilson,  Bashford  Dean,  Oliver  S.  Strong,  and 
Arthur  Willey.  Crampton  continued  in  the  department,  the  name  of  which 
was  changed  from  Biology  to  Zoology  in  1896,  as  a  graduate  student, 
receiving  the  degree  of  Ph.D.  in  1899.  Among  his  associates  as  graduate 
students  were  Gary  N.  Calkins,  Marshall  G.  Howe,  and  Albert  P.  Mathews, 
who  received  their  doctorates  in  1898,  and  James  H.  McGregor  who,  with 
Crampton,  received  his  Ph.D.  in  1899.  These  men  must  have  strongly 
influenced  each  other.  All  were  starred  in  the  first  edition  of  American 
Men  of  Science,  published  in  1906,  and  three  of  them,  Calkins,  Crampton, 
and  McGregor,  were  destined  to  devote  their  lives  to  various  phases  of 
zoology  as  members  of  the  faculty  of  Columbia  University.  Columbia 
awarded  Crampton  the  degree  of  Sc.D.  honoris  causa  in  1929. 

Crampton  was  an  Assistant  at  Columbia,  1893  to  1895,  an  Instructor  at 
the  Massachusetts  Institute  of  Technology,  1895  to  1896,  a  Lecturer  at 
Columbia  University,  1897  to  1899,  a  Tutor,  1899  to  1900,  an  Instructor 
at  Barnard  College,  1900  to  1901,  an  Adjunct-Professor,  1901  to  1904, 
and  a  Professor,  1904  to  1943.  He  was  an  Instructor  in  embryology  at  the 
Marine  Biological  Laboratory,  1895  to  1902,  and  at  the  Cold  Spring  Harbor 
Laboratory,  1903  to  1906.  He  became  a  Research  Associate  of  the  Carnegie 
Institution  in  1904,  and  of  the  Bishop  Museum  of  Honolulu,  Hawaii,  in 
1920.  He  was  Curator  of  Invertebrate  Zoology  at  the  American  Museum  of 
Natural  History,  1909  to  1920.  During  the  period  1906  to  1935,  he  made 
repeated  collecting  trips  to  the  South  Pacific  and  to  Hawaii,  and,  from 
1911  to  1915,  to  the  Bahamas,  Puerto  Rico,  and  Brazil.  He  served  as 
Secretary-Treasurer  of  the  Eugenics  Commission  from  1922  to  1925. 
Following  his  retirement  from  B^arnard  College  in  1943,  he  worked  as  a 
Research  Associate  at  the  American  Museum  of  Natural  History. 

Doctor  Crampton  was  a  Member  of  the  American  Society  of  Zoologists 
(Vice-President,  1911),  of  the  American  Society  of  Naturalists  (Vice- 
President,  1921),  of  the  Ecological  Society  of  America,  of  Phi  Beta 
Kappa,  and  of  Sigma  Xi.  He  was  a  Fellow  of  The  New  York  Academy  of 
Sciences,  of  The  American  Association  for  the  Advancement  of  Science, 
of  the  American  Geographical  Society,  and  of  the  Royal  Geological 
Society. 
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Having  a  keen  and  inquiring  mind,  he  sought  an  explanation  of  vital 
phenomena,  and  his  studies,  experimental  and  biometric,  on  the  develop¬ 
ment  of  saturnid  moths,  ascidians,  and  mollusks  were  part  of  an  attempt 
to  elucidate  the  mechanism  of  evolution.  The  Hewitt  lectures,  which  he 
gave  in  1907,  were  amplified  into  The  Basis  and  Scope  of  the  Doctrine  ol 
Evolution,  published  in  1911.  With  his  colleagues,  Florence  deL.  Lowthet 
and  Grace  S.  Forbes,  he  studied  the  genetics  of  lymnaeid  snails,  mea¬ 
suring  variation  in  growth,  fertility,  and  longevity.  His  chief  interest  and 
endeavors,  however,  were  devoted  to  Studies  on  the  Variation,  Distribu¬ 
tion,  and  Evolution  of  the  Genus  Partula.  It  was  to  obtain  material  for 
the  study  of  these  viviparous,  terrestrial  snails  that  he  made  many  trips 
to  the  South  Pacific,  and  3  volumes  under  the  above  title  were  published 
in  1917,  1925,  and  1932.  Crampton’s  last  publication,  which  appeared 
after  his  death,  was  concerned  with  9  new  species,  which  were  to  have 
been  included  in  the  fourth  and  final  volume  on  the  genus  Partula. 

A  tall,  well-groomed  man  of  dignified  and  distinguished  mien,  suave 
ubanity,  and  wide  interests,  Crampton  was  a  prominent  figure  in  biological 
circles. 

He  was  elected  a  Member  of  The  New  York  Academy  of  Sciences 
June  1,  1894,  Recording  Secretary  and  Vice-President  in  1906,  was  Cor¬ 
responding  Secretary  from  1908  to  1925,  and  President  in  1926.  He  was 
the  senior  member  of  the  Academy,  with  a  tenure  of  more  than  61  years. 
The  Council  of  the  Academy  records  his  passing,  on  February  26,  1956, 
with  deep  regret  and  extends  sympathy  to  the  members  of  his  family. 

Prepared  and  read  by 
Horace  W.  Stunkaru 
April  26,  1956 
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SECTION  OF  PHYSICS  AND  CHEMISTRY* 

THE  CHEMISTRY  OF  CIGARETTE  SMOKE  AND  ITS 
RELATION  TO  LUNG  CANCER** 

By  Alvin  I.  Kosak 

Institute  of  Industrial  Medicine,  New  York  University-Bellevue  Medical  Center, 
New  York,  N.  Y. 


md 

^0. 

for 

ps 

led 

ed 


ve 


ve 

:al 


es 

31- 

as 

а. 

б, 


,  That  there  has  been  a  continuing  and  real  increase  in  the  incidence  of 
lung  cancer  is  currently  accepted  by  almost  all  investigators  who  have 
studied  the  problem/  That  there  is  a  close  relationship  between  pulmo¬ 
nary  carcinoma  and  cigarette  smoking  is  a  conclusion  that  is  not  as 
widely  held,  although  the  majority  of  investigators  seems  to  support  it.^* 
The  possibility  of  a  cause-and-effect  relationship^*’  here  demands  that 
)  all  facets  of  the  problem  be  intensively  investigated.  The  demonstration 

I  that  the  application  of  cigarette-smoke  condensate  to  the  skins  of  mice 
and  rabbits  elicits  carcinomas^  motivated  us  to  attempt  to  isolate  and 
identify  the  component(s)  of  the  smoke  that  is  responsible  for  this 
.  activity. 

Numerous  smoking  machines  have  been  devised  to  provide  smoke  con¬ 
densates  for  chemical  and  biological  investigations.'*  Although  there  is 
no  general  agreement  on  the  conditions  under  which  the  smoking  process 
is  carried  out,  the  majority  of  investigators  is  utilizing  the  smoking  cycle 
I  proposed  by  Bradford,  Harlan,  and  Hanmer,^  which  calls  for  a  35-ml. 
r  puff  of  2-second  duration  followed  by  a  58-seccmd  rest  period.  It  is  to  be 
{expected  that  variations  in  the  parameters  mentioned  will  affect  the 
nature  of  the  smoke  produced.  Factors  such  as  the  humidity  of  the 
tobacco,  the  ambient  humidity,  butt  length,  and  the  nature  of  the  tobacco 
are  also  of  importance.  The  device  used  in  our  laboratories  collects  the 
mainstream  smoke***  in  a  series  of  cold  traps.®  (Cigarette  smoke  con¬ 
sists  of  both  vapor  and  disperse  phases,’'  and  the  collecting  system 
utilized  must  be  able  to  retain  both  phases.) 

We  have  utilized  the  fractionation  scheme  outlined  in  figure  1®’®  to 
separate  the  smoke  condensate  into  primary  fractions  for  animal  testing. 
Each  of  these  fractions  has  been  assayed  for  carcinogenicity  by  a  short¬ 
term  screening  test  as  well  as  by  the  conventional  skin-painting  tech- 
f  aique.  The  screening  test^  is  based  on  the  observation  of  Simpson***  that 
the  sebaceous  glands  in  sections  of  skin  from  mice  that  have  been 
painted  with  methylcholanthrene  were  fewer  in  number  than  in  normal 
skin,  or  were  completely  absent.  Smith,  Orris,  and  Cooper  in  our  labora- 
I  tory  have  extended  the  usefulness  of  this  observation  by  testing  a  large 


*The  Section  of  Geology  and  Mineralogy  held  a  meeting  on  April  2,  1956,  at  which  a 
P<p«r  enUtled  "Stratigraphy  and  Structure  of  the  Mld>Hudson  Valley  Beit"  was  presented 
^A.  Scott  Warthln,  Jr.  No  abstract  of  the  paper  has  been  received. 

"This  paper,  illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Section 
"April  3,  1956. 

'"The  mainstream  smoke  is  that  smoke  that  passes  through  the  cigarette  during  a  puff 
I  lad  enters  the  mouth  of  the  smoker  or  the  smoUng  device;  the  aldaatream  smoke  is  the 
I  looke  that  is  liberated  from  the  burning  end  of  the  cigarette  between  puffs. 
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I  number  of  substances  that  had  previously  been  assayed  few  carcinogenicity 
by  skin  painting  or  subcutaneous  injection.  These  workers  have  shown^* 
that  there  is  a  high  degree  of  correlation  between  the  sebaceous-gland 
assay  and  the  ability  of  various  materials  to  elicit  tumors.  This  has 
been  most  useful  in  indicating  the  lines  along  which  research  should 
pnx;eed  without  waiting  for  the  results  of  the  lengthy  painting  tests. 
Inasmuch  as  a  few  false  positives  and  negatives  have  been  found  with 
the  sebaceous-gland  technique,  and  since  the  tobacco-smoke  carcinogen 
'  nay  well  be  of  a  different  type  than  any  of  the  known  carcinogenic  com¬ 
pounds  that  have  been  tested,  we  feel  that  the  results  of  the  screening 
tests  must  be  regarded  with  circumspection  until  confirmed  by  painting 
experiments. 

Positive  sebaceous-gland  reactions  have  been  obtained  with  fractions 
B,  D,  F,  K,  M,  and  J,  and  papillomas  have  been  produced  in  mice  and 
rabbits  with  B,  M,  and  We  feel  reasonably  well  convinced,  after 
comparing  our  painting  technique  with  that  used  in  E.  L.  Wynder’s  labora¬ 
tory,  that  our  failure  to  obtain  carcinomas  is  probably  due  to  a  difference 
‘  in  dose  level,  and  that  tobacco-smoke  condensate  is  indeed  a  weak 

II  carcinogen.  Based  on  papilloma  production,  it  is  obvious  that  the 
oncogenic  activity  in  our  fractions  resides  in  M  and  K.  These  two 
fractions,  together  with  J,  have  been  further  subdivided,  and  the  sub¬ 
fractions  are  undergoing  animal  testing. 

IThe  chemical  constitution  of  the  several  fractions  mentioned  above 
has  been  under  investigation,  and  some  of  the  results  will  be  presented 
I  below  as  part  of  a  general  discussion  of  the  chemistry  of  tobacco  smoke. 

The  Chemical  Composition  of  Smoke 
In  evaluating  the  previous  literature  on  the  chemical  composition  of 
tobacco  smoke,  a  number  of  problems  are  encountered.  The  reported  data 
were  obtained  by  smoking  tobacco  in  the  form  of  cigarettes,  of  cigars, 
and  in  pipes.  The  tobaccos  used  varied  greatly  in  composition,  and  had 
been  treated  with  different  additives.  The  conditions  of  smoking  were 
not  uniform  (vide  supra),  and  incomplete  documentation  is  often  en- 
I  countered.  Furthermore,  owing  to  the  rather  recent  revival  of  interest  in 
I  this  subject,  most  of  the  current  work  has  not  yet  been  published, 
r  A  comprehensive  review  of  the  components  of  smoke  has  recently  ap¬ 
peared,^  hence  only  selected  areas  of  interest  will  be  reviewed  here. 

Of  the  inorganic  constituents,  the  most  interesting  from  the  cancer 
viewpoint  is  arsenic,  which  is  said  to  occur  as  As2  O3  and  which  is 
considered  by  some  epidemiologists  to  be  a  lung  carcinogen, Daff 
e<  a/.,*®  however,  were  unable  to  find  any  correlation  between  the 
arsenic  content  of  the  cigarettes  smoked  in  various  countries  and  the 

i  incidence  of  bronchogenic  carcinoma  in  these  areas. 

The  cations  in  smoke  have  been  identified  chiefly  by  emission  spec- 
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troscopy,  and  the  inorganic  gases  by  infrared  spectroscopy  and  massj. 
spectrometry. 

The  aldehydic  constituent  of  particular  interest  is  one  that  has  «t} 
been  identified  in  smoke,  namely,  acrolein.  Although  acrolein  might  be | 
expected  to  be  formed  during  the  smoking  process  by  the  dehydration 
the  glycerol  added  to  the  tobacco  as  a  humectant,  no  unassailable  lepot! 
of  its  presence  has  appeared.  If  it  were  formed  during  smoking,  it  mighl 
well  immediately  undergo  chemical  reaction.  ^ 

The  alkaloids  of  tobacco  smoke  are  of  particular  pharmacological 
interest  in  view  of  the  known  physiological  effects  of  nicotine,*^  but  do 
not  appear  to  possess  carcinogenic  activity  towards  epithelial  tissue.*^ 
Wenusch  and  his  co-workers^  claimed  to  have  isolated  a  considerable 
number  of  alkaloids,  but  their  “identification”  rests  largely  on  the. 
melting  points  of  a  series  of  picrates  and  picrolonates,  and  the  possibilit)  ! 
that  these  workers  were  dealing  with  artifacts  cannot  be  discounted.  The' 
nitrogen  bases  are  being  reinvestigated  in  several  laboratories  at  the! 
present  time.  In  addition  to  nicotine,  the  known  compound  of  interest  iir 
this  class  is  myosmine,  whose  structure  has  been  but  recently  estab-^ 
lished.  The  structural  elucidation  is  principally  the  work  of  Spath  and  his 
co-workers.  A  positive  Zincke  test  and  a  negative  Ehrlich  test  indi- 1 
cated,  respectively,  that  a  pyridine  ring  was  present  and  a  pyrrole  nucleus  ■ 
was  absent.  Titration  of  the  picrate  gave  a  molecular  weight  of  149,  and ! 
the  molecular  formula  was  found  to  be  C9HJ0N2.  The  optically  inactive  | 
alkaloid  yielded  3 -pyridy  1-2-pyrrole  on  treatment  with  palladium  black,  j' 
and  a  compound  C16H16O2N2  was  obtained  when  myosmine  was  treated ; 
with  benzoic  anhydride  at  room  temperature.  This  latter  material  was 
shown  to  be  N-benzoyl-3-aminopropyl  pyridyl  ketone.  These  data  indicated 
the  alkaloid  to  be  a  dihydronornicotine.  Five  possible  structures  may  be 
written  (figure  2),  I  to  V,  of  which  1,  II,  and  III  may  be  ruled  out  on  the 
basis  that  they  are  dissymetric  (unless  the  unlikely  possibility  that 
myosmine  occurs  in  smoke  as  a  racemate  be  considered). 

Since  pynolines  were  formerly  believed  to  be  less  stable  than  theii 

isomers,  and  since  the  ring  opening  with  benzoic  anhydride  was  con¬ 
sidered  to  be  characteristic  of  the  latter-type  structure,  formula  IV  was 
assigned  to  myosmine,  although  the  possibility  of  tautomeric  equilibrium 
with  V  was  recognized.  Spath  and  Mamoli*®  synthesized  the  alkaloid  as 
indicated  in  figure  3. 

A  study  of  the  infrared  spectra  of  myosmine  and  related  compounds  by 
Eddy  and  Eisner**  and  by  Witkop*^  has  revealed  that  fliere  is  no  N-H 
band  at  3300  cm.“‘  and  that  a  strong  band  at  1621  cm.“*  characteristic  i 
of  C=N  is  present.  This,  in  conjunction  with  chemical  evidence  from 
other  sources  that  the  A*  -pyrroline  structure  is  more  stable  tiian  its 
isomer,  and  that  incorrect  structures  had  previously  been  assigned  to 
certain  compounds  of  this  series,  leaves  little  doubt  that  the  predominaut ) 
form  of  myosmine  is  V.  I 
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Figure  2 

The  hydrocarbons  oi  tobacco  smoke  have  been  receiving  a  dispropor¬ 
tionate  amount  of  attention,  because  of  the  proved  carcinogenicity  of 
nany  4-  and  5-ring  polynuclear  aromatics  (e.g.  Greenstein^ ).  For  pur¬ 
poses  of  discussion,  we  shall  divide  the  hydrocarbons  into  3  groups: 
the  volatile  compounds  of  the  gaseous  phase,  the  higher  molecular 
weight  aliphatics,  and  the  polycyclic  aromatic  substances. 

Our  knowledge  of  the  gaseous  hydrocarbon  components  of  cigarette 
smoke  is  due,  in  large  part,  to  Hobbs  and  his  co-workers.'®  Their  pro- 
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cedure  was  to  filter  freshly  prepared  smoke  to  remove  the  particulate 
phase,  collect  the  gas  phase  in  liquid  air,  and  fractionally  distill  the 
latter  from  cold  trap  to  cold  trap  at  temperatures  of  -160°  to  -^4°C.  The 
components  of  the  several  fractions  were  identified  by  mass  spectrometry 
and  infrared  analysis.  Quantitative  determinations  were  made  by  a  com¬ 
pensation  technique  in  the  infrared  spectrophotometer.  Methane,  ethane, 
propane,  ethylene,  propylene,  acetylene,  isoprene,  and  butadiene  were 
identified  in  this  manner. 
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Several  reports  of  a  waxy  substance  in  tobacco  smoke  are  found  in  the 
literature,^  and  Schurch  and  Wintersteii^  postulated  that  it  was  hen- 
triacontane  on  the  basis  of  its  melting  point  and  elemental  analysis. 
Inspection  of  the  ultraviolet  absorption  spectra  of  the  fractions  shown  in 
FIGURE  2  revealed  that  fraction  MM  had  a  considerably  lower  absorptivity 
than  any  of  the  others  and  would  also  be  the  presumed  locus  of  aliphatic 
hydrocarbons  on  the  basis  of  solubility  considerations.  Repeated  chroma¬ 
tography  of  this  fraction,  and  alternatively  of  M",  yielded  a  colorless, 
microcrystalline  compound  whose  carbon-hydrogen  analysis,  infrared 
absorption,  and  melting  point  were  consistent  with  the  structure  hen- 
triacontane  and  which  did  not  depress  the  melting  point  of  an  authentic 
sample  of  this  hydrocarbon.^^  Comparison  of  the  X-ray  diffraction  patterns 
of  the  isolated  material  and  the  C3J  hydrocarbon,  however,  indicated  that 
the  former  was  a  mixture  of  n-hentriacontane  and  n-tritriacontane. 

The  following  polynuclear  hydrocarbons  have  been  reported  to  be  in 
cigarette  smoke:  anthracene,  acenaphthylene,  pyrene,  and  benzo[a]pyrene.^ 
In  addition,  benzo[c]pyrene  and  benzo[a]anthracene  are  said  to  be  in 
cigar  smoke.^ 

These  structure  assignments  have  been  made  on  the  basis  of  the  ultra¬ 
violet  absorption  of  chromatographic  cuts  of  fractions  of  smoke  con¬ 
densate.  As  Cheronis^^  has  pointed  out,  such  evidence  should  be  regarded 
as  only  tentative  proof  of  the  identity  of  these  compounds.  A  number  of 
other  investigators,  ourselves  included,  who  have  looked  for  benzo[a]- 
pyrene  (one  of  the  carcinogens  of  coal  tar)  have  not  been  able  to  find  it. 
Lindsey  and  his  co-workers^®  estimated  the  amount  of  this  last  hydro¬ 
carbon  present  in  the  smoke  of  100  cigarettes  to  be  1  fig.  Lindsey^has 
suggested  that  a  person  smoking  40  cigarettes  per  day  would  inhale  150 
fig.  of  this  hydrocarbon  per  year,  whereas  he  would  also  inspire,  during 
that  same  time,  200  fig.,  if  he  were  a  typical  urban  dweller. 

Although  many  compounds  have  already  been  isolated  from-or  identi¬ 
fied  in— tobacco  smoke,'*  these  have  been  in  large  part  the  more  volatile 
components.  There  remains  what  is  undoubtedly  a  much  larger  number'd 
materials,  particularly  those  of  higher  molecular  weight,  still  to  be 
characterized.  In  view  of  the  complexity  of  smoke  condensates,  it  has 
seemed  to  us  that  the  best  hope  of  isolating  a  carcinogenic  constituent 
is  to  carry  out  a  methodical  fractionation  scheme  accompanied  by  a 
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biological  assay  program  as  outlined  above  concomitantly  with  general 
^  investigations  of  the  chemical  nature  of  the  smoke  condensates. 
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SECTION  OF  BIOLOGY 

I.  THE  ANALYSIS  OF  EYE  DEVELOPMENT  IN  INSECTS* 
By  Alexander  Wolsky 

Department  of  Biology,  Fordham  University,  New  York,  N.  Y. 


The  compound  eyes  of  insects  provide  useful  material  for  a  study  ol 
the  mechanism  of  development.  At  the  same  time,  they  offer  a  rare  op¬ 
portunity  to  link  this  mechanism  to  the  action  of  genes,  since  many  genes 
that  affect  the  eyes  are  known  in  insects. 

Concerning  the  mechanism  of  development,  morphological  studies  have 
indicated  that  the  developmental  processes,  notably  the  processes  of 
differentiation  of  ommatidia,  have  a  definite  pattern.  These  processes  do 
not  start  simultaneously  in  the  whole  eye  anlage,  but  begin  first  in  a 
certain  limited  area  located  in  the  posterodorsal  region,  and  spread  like 
a  stream  from  there,  mainly  in  anteroventral  direction,  over  the  rest  of 
the  anlage.  This  phenomenon  was  shown  for  Ephestia  (Umbach,  1934), 
Notonecta  (Liidtke,  1940),  Bombyx  (Wolsky,  1949),  and  other  insects, 
all  having  the  common  feature  that  their  eye  development  begins  late  in 
larval  life,  shortly  before  pupation.  Probably  a  similar  spread  of  dif¬ 
ferentiation  exists  in  that  type  of  holometabolous  insects  in  which  the 
anlage  of  the  imaginal  eye  starts  developing  in  the  embryonic  stage  and 
persists  throughout  larval  life  as  a  distinct  imaginal  disc,  growing  and 
differentiating,  to  a  certain  extent,  well  before  pupation.  In  Drosophila, 
which  is  a  typical  representative  of  this  type,  it  is  known  that  the  cells 
of  the  eye  imaginal  disc  begin  to  arrange  themselves  in  groups  of  4  in 
the  third  larval  instar,  and  that  this  grouping  begins  in  the  center  of  the 
disc,  spreading  gradually  towards  the  periphery  (cf.  Bodenstein,  1953). 

To  supplement  these  morphological  observations,  experiments  were 
undertaken  on  pupae  of  Bombyx  mori  and  Ephestia  kuhniella  to  decide  if 
the  center  of  differentiation  is  truly  a  center  that  initiates  developmental 
processes,  not  only  in  a  -morphological  but  also  in  a  physiological  sense. 
Various  regions  of  the  eye  anlage  were  destroyed  in  different  early 
stages  of  metamorphosis  by  means  of  an  electrically  heated  microcautery, 
and  effects  were  observed  on  the  eye  of  the  imago. 

The  experiments  with  Bombyx  had  the  following  results  (Wolsky,  1949): 

If  the  center  of  differentiation  is  destroyed  or  damaged  in  an  early 
stage,  before  the  stream  of  differentiation  has  emanated  from  it  (up  to  24 
hours  after  pupation),  eye  development  is  seriously  disturbed.  The  eye 
may  either  completely  fail  to  differentiate  or  may  form  only  a  small 
number  of  ommatidia.  In  several  cases,  outgrowths  occur  on  the  point  of 
extirpation.  A  similar  injury  outside  the  differentiation  center,  notably 
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I  in  the  anterior  margin  of  the  eye  anlage,  has  little  or  no  effect  at  the 
point  of  injury,  but  the  eye  as  a  whole  is  somewhat  smaller  and,  at  its 
posterior  margin,  there  is  a  zone  in  which  no  ommatidia  differentiate.  In 
this  zone  the  surface  is  smooth  (not  faceted),  and  the  cells  are  uniform, 
elongated,  and  heavily  pigmented.  There  is  no  sign  of  retinular  cells, 
crystalline  cones,  or  other  details  of  the  normal  ommatidia.  The  posterior 
margin  of  the  eye  anlage  is  less  sensitive  to  such  extirpations.  The 
same  operations  performed  at  a  later  stage  (about  4  days  after  pupation) 
produce  only  local  effects  on  the  imaginal  eye,  indicating  that  the  flow 
of  differentiation  has  passed  over  the  entire  anlage  by  this  time. 

Recent  similar  experiments  with  pupae  of  Ephestia  kuhnieUa  have 
given  essentially  the  same  results,  although  the  material  is  less  suitable 
owing  to  its  smaller  size.  The  differentiation  stream  seems  to  have  other 
time  relations,  for  the  difference  between  the  results  of  early  and  late 
operations  is  not  as  clear  as  in  Bombyx.  The  dominant  role  of  the  center 
of  differentiation  in  initiating  developmental  processes  was  confirmed, 
however.  Injuries  in  this  center  invariably  had  a  much  greater  effect  on 
subsequent  development  than  similar  injuries  outside  of  it,  and  often 
lead  to  a  complete  absence  of  an  eye.  Injuries  outside  the  center  of  dif- 
I  ferentiation  have  again  produced  a  reduction  in  the  number  of  ommatidia 
!  and  the  appearance  of  an  undifferentiated  (nonfaceted)  region  adjacent  to 
I  the  eye  proper  (figure  1).  That  this  region  is  composed  of  undifferen- 
:  tiated  eye  tissue  was  ascertained  by  using  the  eye-color  mutants  "red 
eye”  (aa)  and  "white  eye"  (wa)  for  the  operations.  The  undifferentiated 
I  region  was  always  of  the  same  color  as  the  eye  proper. 

The  explanation  of  this  reduction  of  the  number  of  ommatidia  and  the 
appearance  of  undifferentiated  eye  region  must  be  that  the  eye  anlage  as 
a  whole  has  reacted  to  the  injury  with  an  over-all  reduction  in  the  extent 
of  the  stream  of  differentiation,  while  the  size  of  the  eye  (aa)  anlage  re¬ 
mained  unchanged  (it  must  have  been  determined  before  the  operations 
were  made).  Consequently  a  certain  area  in  the  eye  anlage  was  not 
reached  by  the  stream  of  differentiation  and  remained  undifferentiated, 
although  composed  of  potential  eye  tissue.  These  results  indicate  that 
eye  development  in  the  insects  investigated  must  have  2  distinct  phases: 
(1)  determination,  which  gives  the  cells  of  a  certain  area  the  morpho¬ 
genetic  potency  to  form  an  eye  anlage  or  imaginal  disc  and,  later,  to 
become  elements  of  the  eye;  and  (2),  differentiation,  which  leads  to  the 
realization  of  these  potencies.  The  cells  of  the  undifferentiated  (non¬ 
faceted)  region  were  obviously  determined,  in  the  embryological  sense, 
to  become  normal  elements  of  the  eye,  but  failed  to  realize  this  potency 
because  of  the  lack  of  a  proper  impulse  provided  normally  by  the  stream 
of  differentiation.  For  some  reason,  the  reduced  differentiation  stream  is 
shifted  in  an  anteroventral  direction,  so  that  the  undifferentiated  elements 
sppear  on  the  posterodorsal  margin  of  the  eye  instead  of  around  the  entire 
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Figure  !•  Transverse  section  through  the  imaginal  eye  of  Ephestia  Kuhniel’ 
la  (“red  eye”  mutant)  which  was  injured,  one  hour  after  pupation,  in  the  anterior 
margin  of  its  anlage  by  microcautery.  To  the  right  is  the  posterodorsal  region 
and,  to  the  left,  the  anteroventral  region.  NF  is  the  undifferentiatec  region  in 
the  posterodorsal  margin,  composed  of  uniform  elongated  cells.  The  rest  of 
the  eye  has  normal  ommatidia  and  facets.  (Enlarged  approximately  X  160.) 


periphery  (figure  2).  No  explanation  can  be  given  for  this  shift,  but 
perhaps  it  is  connected  with  a  physiological  difference  between  the 
anteroventral  and  posterodorsal  margins  of  the  eye,  which  is  reflected  in 
the  main  direction  of  the  normal  stream  of  differentiation. 

On  the  basis  of  these  facts  and  considerations,  an  attempt  may  be 
made  to  explain  the  mode  of  action  of  certain  genes  upon  insect  eyes, 
in  particular  the  effect  of  the  bar  gene  in  Drosophila.  This  gene  reduces 
the  size  of  the  eye  and  produces  a  nonfaceted  area  adjacent  to  it,  which 
contains  the  same  pigment  as  the  eye  proper.  This  area  consists  of  un¬ 
differentiated  eye  tissue,  made  up  probably  from  hypertrophied  cells  from 
which  secondary  pigment  cells,  surrounding  the  retinular  cells,  would 
have  normally  developed.  (Walsky  and  Huxley,  1936).  It  was  earlier  be¬ 
lieved,  on  the  basis  of  the  histological  picture,  that  the  cells  of  this 
tissue  are  arranged  in  groups  representing  rudimentary  ommatidia  (Wolsky 
and  Huxley,  loc.  cit.).  Steinberg  (1943),  however,  has  found  no  sign  d 
of  cells  in  the  nonfaceted  region  during  development,  which 


grouping 

means  that  the  region  entirely  lacks  differentiation. 

The  histology  of  the  bar  eye  of  Drosophila  is  strikingly  similar  to  that 
of  the  eyes  of  Botnbyx  and  Ephestia  when  injured  outside  the  differentia¬ 
tion  center  soon  after  pupation.  The  parallelism  exists  even  in  details, 
so  that  it  may  be  called  an  “interspecific  phenocopy.”  As  such,  it  per¬ 
mits  certain  tentative  conclusions  concerning  the  action  of  the  bar  gene. 
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Figure  2.  Diagrammatic  representation  of  the  reduction  of  the  stream  of 
differentiation  and  the  production  of  a  nonfaceted  area  in  insect-eye  anlagen  of 
the  type  of  Bombyx  and  Ephestia.  Left-hand  figures  are  surface  views,  right- 
hand  figures  are  optical  cross  sections  through  anlagen.  Upper  fig^es  show 
'  normal  development,  lower  figures  show  development  after  cauterization  in 
anterior  marginal  zone  during  early  pupal  stage.  The  arrows  radiating  from  the 
differentiation  center  (DC)  indicate  the  extent  of  the  stream  of  differentiation. 
Stippled  area  (NF)  is  the  undifferentiated  (nonfaceted)  region,  and  the  striped 
area  is  the  region  with  normal  differentiation.  In  all  4  figures,  the  anterior 
direction  is  to  the  left,  the  posterior  direction  to  the  right.  In  the  left-side  figures 
the  upper  margin  is  the  dorsal  side,  and  the  lower  margin  is  the  ventral  side. 
"Lightning  in  box,”  with  arrow,  indicates  site  of  injury  by  electric  microcautery. 

It  seems  to  indicate  that  this  gene  exerts  its  effect  on  the  eye  in  2 
phases.  It  affects  (1)  the  process  of  determination  by  reducing  the  size 
of  the  eye  anlage  (imaginal  disc)  well  before  differentiation  (Chen,  1929), 
probably  by  reducing  the  rate  of  cell  divisions;  and  (2),  the  process  of 
differeitiation,  by  reducing  the  stream  of  differentiation  to  an  even 
greater  extent,  so  that  one  part  of  the  reduced  eye  anlage  remains  un¬ 
differentiated  (not  faceted). 

This  theory  is  in  harmony  with  theoretical  considerations  of  Steinberg 
(1941,  1943,  1944)  concerning  a  diphasic  determination  of  the  facet 
number  in  eyes  of  Drosophila  and  a  “labile  determination”  of  their 
peripheral  elements.  It  also  has  a  bearing  on  the  views  of  Goldschmidt 
(1938,  1955)  concerning  genic  action,  which  assume  that  in  certain  cases 
developmertal  processes  show  a  secondary  regression  in  anlagen  pre¬ 
viously  formed.  The  theory  put  forward  here  is  offered  as  a  working 
hypothesis  for  further  research. 
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II.  PIGMENT  PATTERNS  IN  SALAMANDERS* 

By  H.  Clark  Dalton 

Department  of  Biology,  Washington  Square  College,  New  York  University, 
New  York,  N.  Y. 

Introduction 

Pigment  patterns  in  salamanders  offer  particularly  suitable  materials 
for  research  on  problems  of  both  embryological  and  genetic  interest.  The 
basic  question  of  how  genes  act  may  be  approached  by  attempting  to 
analyze  specific  cases.  For  such  analysis,  available  salamander  species 
provide  discrete  genetic  patterns  of  pigmentation  sometimes  even  asso¬ 
ciated,  as  in  the  Mexican  axolotl,  with  a  single  Mendelian  pair  of  alleles. 
In  addition,  the  developmental  history  of  pigment  cells  in  amphibia  is 
well  known,  providing  a  well-charted  course  of  morphogenesis  in  which 
to  look  for  manifestations  of  gene  expression.  From  the  embryological 
point  of  view  these  same  materials  offer  a  number  of  advantages  for 
attacking  the  basic  question  of  how  complex  components  of  the  system 
interact  in  the  development  of  a  particular  cell  type,  including  its  origin 
and  arrangement  in  orderly  patterns.  The  first  advantage  lies  in  the  fact 
that  potential  pigment  cells,  at  one  time  in  development,  have  a  discrete 
and  manipulable  origin  in  the  neural  crest.  Small  pieces  of  the  lateral 
edge  of  the  neural  folds  near  the  time  of  their  closing  provide,  on  ex¬ 


plantation  into  tissue  culture,  populations  of  cells  of  up  to  100  per  cent 
chromatophores,  if  the  samples  are  chosen  from  the  posterior  trunk 
region  of  the  embryo.  It  is  operationally  possible,  therefore,  to  add,  sub¬ 
tract,  or  reorient  the  sources  of  pigment  cells  in  an  experimental  situ¬ 
ation.  The  occurrence  of  genetic  strains  differing  in  pigment  pattern  is 
itself  an  advantage  to  the  developmental  analysis  by  allowing  the  possi¬ 
bility  of  varying  the  genome  of  the  components  throu^  embryonic  trans¬ 
plantation.  In  making  such  genetic  mixtures  the  natural  migratory  proper¬ 
ties  of  the  pigmentary  component  of  the  neural  crest  constitute  an  in- 
dispensible  aid  to  the  experimenter.  The  last  experimental  advantage 
of  salamander  pigment  patterns  to  be  noted  is  the  nonessential  nature  of 
melanophores  in  the  physiological  integration  of  individual  animals. 
Extensive  manipulation  of  the  pigment  system  is  relatively  free  from 
complicated  sequelae  endangering  the  interpretation  of  the  results,  if 
not  the  lives  of  the  animals  themselves. 

Special  Advantage  of  the  Mexican  Axolotl 


From  the  compact  tissue  of  the  young  neural  crest  the  potential  pig¬ 
ment  cells  wander  out  through  the  tissue  spaces  of  the  embryo. 


*Thit  paper,  illustrated  widi  lantern  slides,  was  the  second  of  two  papers  presented 
•t  •  meeting  on  Problems  of  Developmental  Genetics  held  by  the  Section  on  April  9,  1956* 
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especially  following  any  paths  provided  by  nerves  or  blood  vessels. 
Those  that  make  up  the  externally  visible' pattern  of  the  larva  come  to 
lie  in  the  integument  as  dermal  or  epidermal  chromatophores.  The  extent 
of  their  migrations  and  the  topographical  nature  of  their  associations 
when  they  stop  moving  and  differentiate  fully  into  dendritic  cells  pro¬ 
ducing  visible  pigment  determine  the  genetic  patterns  characteristic  of 
each  species  or  strain  of  salamander.  Although  yellow  chromatophores 
develop  characteristically  also  in  these  larvae,  most  of  the  experimental 
studies  have  concerned  black  pigment  cells  (melanophores),  and  this 
discussion  will  be  limited  to  the  history  of  such  melanophores.  When  the 
neural  crest  is  transplanted  between  species  with  differing  patterns  of 
melanophore  distribution,  such  as  Triturus  torosus  with  dark  dorsal  bands 
and  r.  rivularis  with  no  bands  but  with  uniformly  scattered  pigment 
cells,  the  result  is  that,  for  most  combinations,  in  the  region  of  the 
graft  the  host  animal  develops  a  patch  of  donor-type  pattern  of  pigmenta¬ 
tion  (T witty,  1949).  Thus  in  most  cases  the  genetic  factors  determining 
the  topography  of  pigmentation  in  salamander  larvae  appear  to  be  in¬ 
trinsic  to  cells  of  the  neural  crest  at  the  time  of  their  migration.  The 
genetic  determination  of  the  white  and  black  patterns  of  the  Mexican 
axolotl,  Siredon  mexicanum,  is  an  exception  to  this  generalization.  When 
the  embryonic  neural  crest  is  transplanted  reciprocally  between  the  2 
strains,  only  host-type  patterns  of  melanophores  appear,  indicating  that 
genetic  control  in  this  species  is  mediated  through  the  interrelations 
between  propigment  cells  and  other  tissues  of  the  embryo  with  which 
they  become  associated  during  their  migrations.  This  situation  consti¬ 
tutes  the  special  advantage  of  axolotl  material  for  studying  the  nature  of 
gene  action  controlling  the  complex  components  of  the  pigmentary  de¬ 
velopmental  system. 

Analysis  of  Axolotl  Pigment-Pattem  Development 

Analysis  of  the  conditions  that  determine  that  the  recessive  homozy¬ 
gote  (dd)  develops  the  white  pattern  and  other  genotypes  (DD  and  Dd) 
develop  the  black  pattern  has  yielded  the  following  information.  Pro¬ 
pigment  cells  of  either  genotype  migrate  through  tissues  of  the  black 
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genotype  more  readily  than  they  do  through  tissues  of  the  white  genotype 
(Dalton,  1950).  Inhibition  of  propigment-cell  migration  in  the  white  geno¬ 
type,  however,  is  only  one  factor  in  a  complex  situation.  The  possibility 
that  gene  action  determining  the  position  of  melanophores  may  be  sepa¬ 
rable  from  action  determining  their  number  was  suggested  when  an  ex¬ 
periment  in  gene  dosage  with  triploid  axolotls  showed  that  the  recessive 
genes,  when  present  in  the  proportion  ddD,  gave  evidence  of  their  activity 
with  respect  to  1  of  these  2  characters  but  not  the  other  (Dalton  and  Hall, 
1950). 

The  pituitary  gland  has  been  implicated  as  a  factor  in  pigment-cell 
development  since  Woronzowa  showed  that  the  number  of  melanophores 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


599 


!ls.  I 

'  f 

ent  I 

ons  ! 
ir>  [ 
of  ! 
res  ; 
ital  ! 
i 

the  ■ 
of  ' 
ids  I 
;nt  I 
:he  [ 
ta-  ; 

■ng 

in- 

he 

an  1 
en 
2  i 
lat  i 

I 

:h  I 
ti-  i 

of 

!e-  ! 


y- 

d) 

0- 

;k 

je 

0- 

ty 

a- 

(- 

le 

ty 

II, 


in  samples  from  the  heads  of  axolotls  could  be  correlated  with  the  dos¬ 
age  of  pituitary  injected  into  the  coelom  (Woronzowa,  1928),  That  pitui¬ 
tary  output  may  be  related  to  specific  characteristics  of  the  genetic  pig¬ 
ment  patterns  of  the  axolotl  strains  was  shown  by  development  of  an 
apparent  phenocopy  of  the  white  pattern  in  hypophysectomized  larvae  of 
black  genotype  (Dalton,  1953).  These  observations  led  to  investigation 
of  the  precise  history  of  pigment  cells  comprising  the  pattern  of  the 
white  axolotl  larva  in  order  to  delimit  more  clearly  the  role  of  the  pitui¬ 
tary  in  the  dynamic  situation  of  pigment  pattern  development  (Dalton  and 
Krassner,  1956). 

Role  of  Pituitary  in  Dynamics  of  Axolotl  Pigmentation* 

It  is  clear  that  the  development  of  pigmentation  in  the  flank  pattern  of 
white  axolotls  during  the  first  4  months  involves  a  more  complex  set  of 
dynamic  factors  than  the  simple  addition  of  new  cells  capable  of  melanin 
synthesis.  When  melanophores  first  appear  in  young  larvae  there  is  al¬ 
ready  a  small  population  distributed  on  the  dorsal  flank.  To  this  original 
complement  new  melanophores  are  added  by  proliferation  of  pre-existing 
melanophores  and  by  differentiation  of  previously  colorless  propigment 
cells  (melanoblasts).  The  proliferation  process  accounts  only  for  rela* 
lively  few  of  the  pigment  cells  observed,  while  the  differentiation  process 
may  account  for  as  much  as  40  per  cent  of  all  pigment  cells  produced  in 
some  of  the  animals  studied.  Once  formed,  the  melanophore  population  is 
not  static.  Many  of  the  melanophores  from  the  original  complement  and 
from  each  of  the  2  sources  of  newly  formed  pigment  cells  become  de¬ 
stroyed.  Thus  the  pigment-cell  population  visible  at  any  given  time  is  an 
expression  of  the  balance  between  those  developmental  factors  leading 
to  production  and  those  leading  to  destruction  of  this  cell  type. 

The  dynamics  ot  pattern  formation  is  complicated  by  the  fact  that  the 
interplay  of  these  factors  is  not  uniform  for  all  melanophores.  Dorsally 
the  new  melanophores  that  arise  by  differentiation  of  propigment  cells 
greatly  outnumber  those  that  arise  ventrally  within  the  pigmented  area  of 
the  flank.  Furthermore,  this  population  of  newly  differentiated  cells 
suffers  less  destruction  than  groups  of  melanophores  from  other  sources. 
Thus  in  normal  animals  there  appears  a  dorsal  shift  of  the  pattern  of 
pigmentation.  The  results  of  corresponding  events  in  hypophysectomized 
animals  indicate  clearly  that  all  of  these  processes,  except  the  initial 
appearance  of  melanophores  of  the  original  complement,  are  influenced 
to  some  extent  by  pituitary  action.  They  are  not,  however,  all  influenced 
to  the  same  degree.  The  contribution  of  the  pituitary  most  important  to 
pigment-pattern  development  appears  to  be  the  facilitation  of  melanoblast 
differentiation  into  melanophores  and  the  increase  in  stability  of  this 
cell  type. 

‘The  work  described  under  this  heading  has  been  supported  in  part  by  The  Damon 
liunyon  Memorial  Fund  for  Cancer  Research,  Inc,,  New  York,  N.Y. 
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There  are  many  more  melanophores  in  black  axolotls  than  in  white. 
Since  pituitary  action  appears  to  influence  the  differentiation  of  propig¬ 
ment  cells  into  melanophores,  the  question  arises  as  to  whetha  or  not 
gene  expression  in  this  case  is  mediated  through  differences  in  pituitary 
output  between  the  2  strains.  There  is  some  evidence  that  this  may  iu- 
deed  be  the  case.  To  test  this  possibility,  reciprocal  transplants  of 
pituitary  anlagen  into  hypophysectomized  axolotl  embryos  of  opposite 
genotype  were  made  (Dalton  and  Krassner,  unpublished).  Black  larvae 
developing  with  “white”  pituitaries  do  not  differ  from  corresponding 
animals  with  “black”  hypophyseal  implants.  White  larvae  with  “black” 
pituitary  grafts,  however,  do  differ  from  the  group  with  “white”  hypo¬ 
physes.  While  the  former  group  does  not  become  black,  the  larvae  do 
come  to  resemble  black  animals  in  several  respects.  Their  melanophores 
are  more  stellate,  larger,  and  darker  than  is  characteristic  for  white 
animals,  and  they  possess  a  somewhat  greater  number  of  dermal  and 
epidermal  melanophores  than  appear  when  their  pituitaries  are  of  white 
genotype.  It  seems  clear  that  there  is  a  difference  in  the  pituitary  output 
of  black  and  white  axolotls,  and  that  this  difference  contributes  to  the 
phenotypic  dissimilarity  in  the  2  strains. 

It  has  been  the  purpose  of  this  paper  to  show  that  the  embryonic 
history  of  pigment  cells  in  salamanders  offers  a  developmental  system 
suitable  for  experimental  attack  on  the  question  of  how  genes  may  act  in 
bringing  about  the  hereditary  characteristics  by  which  they  are  recognized. 
The  white  and  black  strains  of  the  Mexican  axolotl  are  especially  well 
fitted  for  revealing  mechanisms  of  genetic  control  over  interactions  be¬ 
tween  developing  melanoblasts  and  other  tissues  of  the  embryo  that 
result  in  hereditary  differences  in  patterns  of  pigmentation. 
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SECTION  OF  PSYCHOLOGY 

EMOTIONAL  BEHAVIOR  AND  THE  NERVOUS  SYSTEM* 

By  Joseph  V.  Brady 

Department  of  Psychology,  Walter  Reed  Army  Institute  of  Research, 
Washington,  D.  C. 

Investigations  of  the  various  physiological  and  psychological  condi¬ 
tions  upon  which  the  organization  of  emotional  behavior  depend  have 
long  occupied  the  attention  of  biological  scientists  concerned  with  the 
broad  problem  of  brain- behavior  relationships.  The  pioneering  efforts  of 
men  like  Goltz'  and  Sherrington*  more  than  half  a  century  ago  effectively 
set  the  stage  for  the  important  contributions  of  Canncn,*  Dusser  de 
Barenne^  and,  more  recently,  Bard®  and  Kluver,®  elucidating  the  role  of 
forebrain  structures  in  emotional  expression.  As  a  consequence  of  such 
experimental  analysis,  combined  with  clinical  observations  of  affective 
changes  following  nervous- system  damage,*  attention  has  focused  upon 
the  “limbic  system"®'®  as  a  critical  participant  in  the  elaboration  of 
emotional  behavior  patterns. 

But  the  selective  assessment  and  definition  of  specific  neural-behav¬ 
ioral  relationships  in  this  area  have  continued  to  present  numerous 
methodological  and  theoretical  problems.  Recent  developments  in  animal¬ 
conditioning  techniques  and  refinements  in  both  neurophysiological  and 
neuroanatom ical  methods  appear  to  offer  new  and  exciting  possibilities 
for  the  experimental  analysis  of  emotional  behavior  and  its  neural  cor¬ 
relates,  however,  and  the  present  report  approaches  the  problem  within 
such  an  interdisciplinary  framework.  More  specifically,  these  investiga¬ 
tions  have  proceeded  from  an  attempt  to  explore  the  relationships  between 
independently  and  operationally  definable  conditioned  emotional-response 
patterns  in  laboratory  animals  and  the  participant  events  of  nervous- 
system  structure  and  function. 

Behaviorally,  the  point  of  departure  for  the  present  analysis  has  been 
provided  by  the  rather  common  clinical  and  experimental  observation  that 
emotional  disturbance,  broadly  defined  can,  as  one  of  several  possible 
effects,  disrupt  or  interfere  with  an  organism’s  ongoing  activity.  An  ex¬ 
perimental  paradigm  for  approaching  the  problem  of  emotional  behavior 
in  laboratory  animals  within  this  context  has  been  described  previously 
in  some  detail,*®  and  can  be  defined  specifically  by  the  suppressing 
effect  of  anticipated  pain  upon  a  stable  lever- pressing  habit  in  trained 
experimental  animals. Estes  and  Skinner^  first  reported  the  technique 
involved  in  superimposing  such  a  conditioned  “anxiety"  response  upon 
the  lever-pressing  behavior  of  albino  rats,  although  some  modifications 
in  the  procedure  have  been  developed  more  recently.*®  Briefly,  thirsty 

*Thit  pq>er.  Illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Section 
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animals  initially  are  trained  in  lever  pressing  for  continuous  and  then 
aperiodic  water  reward.  When  their  lever-pressing  output  has  become 
stabilized,  they  receive  a  series  of  conditioning  trials,  each  consisting 
of  the  presentation  of  a  clicking  noise  (the  conditioned  stimulus)  followed 
by  a  pain  shock  to  the  feet  (the  unconditioned  stimulus).  Figure  1 
illustrates  the  basic  conditioning  procedure  and  the  typical  appearance 
of  the  “anxiety”  response  in  the  lever-pressing  curve.  The  clicking 
noise  continues  for  5  minutes  and  is  terminated  concurrently  with  the 
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Figure  1.  The  conditioned  emotional  response  as  it  appears  typically  in  the 
cumulative  response  curve. 
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shock.  Within  a  few  trials,  the  anticipatory  response  to  the  clicker  begins 
to  appear  as  a  perturbation  in  the  lever-pressing  curve,  accompanied  by 
'  crouching,  immobility  and,  usually,  defecation.  Of  course,  experimental 
extinction  of  this  response,  with  progressive  recovery  of  the  lever- 
pressing  rate  in  the  presence  of  the  conditioned  stimulus,  follows  suc¬ 
cessive  unreinforced  presentations  of  the  clicker  alone,  without  shock, 
during  daily  lever-pressing  trials. 

This  emphasis  upon  a  rather  primitive  and,  in  some  respects  at  least, 
unlearned  reaction  pattern  as  the  starting  point  for  an  experimental 
analysis  of  more  fundamental  aspects  of  emotional  behavior  has  several 
cIea^cut  advantages.  First,  the  focus  directly  upon  the  conditioned 
“anxiety”  response  as  such  eliminates  a  major  source  of  error  attribut¬ 
able  to  variables  that  affect  instrumental  behavior  in  more  conventional 
learning  experiments  that  approach  the  problem  of  emotion  through  escape 
or  avoidance  techniques.  Second,  this  simple,  relatively  uncomplicated 
response  is  elicitable  under  a  wide  range  of  conditions  and  appears  in 
quite  consistent  form  or  topography  in  all  animals.  Third,  this  response 
is  remarkably  stable  over  time,  surviving  without  apparent  diminution  in 
the  absence  of  exercise  or  further  reinforcement  throughout  the  entire 
life  of  the  organism.  Fourth,  the  technique  of  superimposing  the  emotional 
response  upon  a  well-established  and  stable  lever-pressing  habit  makes 

it  possible  to  approximate  a  quantification  of  the  strength  or  magnitude 
of  the  response  in  terms  of  changes  in  output  during  various  segments  of 
the  lever- pres  sing  curve.  Such  conditioned  “anxiety”  behavior  would 
appear  to  be  prototypical  of  the  most  primitive  aspects  of  an  organism’s 
emotional  repertoire,  and  the  study  of  the  vicissitudes  of  such  a  stable 
response-the  conditions  that  determine  its  increases  and  decreases  in 
strength,  and  the  like— could  be  expected  to  provide  an  opportunity  for 
differential  experimental  analysis  of  both  the  physiological  and  psycho¬ 
logical  variables  upon  which  the  organization  of  emotional  behavior 
depends. 

The  initial  experimental  application  of  this  technique  in  a  series  of 
studies  on  the  effects  of  electroconvulsive  shock  (ECS)  some  years  ago 
provided  the  first  indications  that  such  a  comparative  laboratory  approach 
to  the  problem  of  emotional  behavior  might  yield  potentially  valuable 
information.  The  results  of  these  early  experiments  demonstrated  quite 
clearly  that  a  series  of  21  ECS  treatments,  administered  3  times  per  day 
for  7  days,  could  virtually  eliminate  the  conditioned  “anxiety”  response 
without  any  apparent  adverse  effects  upon  retention  of  the  lever-pressing 
behavior. In  the  course  of  following  up  this  finding,  it  was  possible 
I  to  show  that  this  differential  effect  of  ECS  upon  the  “anxiety”  response 
and  upon  the  lever-pressing  habit  could  not  be  attributable  to  either  the 
temporal  order  in  which  the  behaviors  had  been  conditioned,^^  impair¬ 
ment  of  auditory  function,^  or  the  painful  characteristics  of  the  ECS 
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treatments.^®  Furthermore,  these  changes  in  the  conditioned  “anxiety” 
response  as  a  function  of  ECS  were  found  to  have  some  interesting 
temporal  and  quantitative  properties,  and  the  relationship  of  this  effect 
to  some  of  the  more  important  “anxiety”  conditioning  parameters  have 
been  rather  carefully  worked  out.  For  example,  both  the  number  of  condi¬ 
tioning  trials  and  the  intensity  of  the  unconditioned  grid-shock  stimulus 
during  establishment  of  the  “anxiety”  response  have  been  found  to  influ¬ 
ence  the  attenuating  effects  of  the  ECS  treatments.^  In  addition,  both 
the  number  and  temporal  distribution  of  the  ECS  treatments  bear  rather 
important  relationships  to  attenuation  of  the  “anxiety”  response.^’ 

The  results  of  these  early  ECS  experiments  also  provided  some  addi¬ 
tional  insights  into  the  functional  and  temporal  properties  of  this  condi¬ 
tioned  “anxiety”  paradigm.  First,  the  attenuating  effect  of  ECS  upon  the 
“anxiety”  response  was  found  to  be  transient,  the  emotional  response 
reappearing  within  30  days  after  the  treatments.*®  Even  more  important, 
perhaps,  was  the  finding  that  if  the  ECS  treatments  were  delayed  for  as 
long  as  30  days  after  conditioning  of  the  “anxiety”  response,  no  changes 
in  the  emotional  response  could  be  demonstrated  following  the  same 
series  of  21  electrically  produced  convulsions. Of  some  interest  also 
is  the  finding  that  “prophylactic”  ECS  convulsions,  administered  on  a 
periodic  basis  after  the  intensive  series  of  21  ECS,  could  prevent  the 
reappearance  of  the  “anxiety”  response  and,  when  similar  periodic 
“prophylactic”  ECS  treatments  were  administered  prior  to  delayed  in¬ 
tensive  ECS,  the  “anxiety”  response  appeared  less  resistant  to  attenu¬ 
ation.  “  Such  systematic  and  orderly  response  to  experimental  controls 
seemed  to  hold  considerable  promise  for  a  more  detailed  analysis  of  this 
apparently  fundamental  aspect  of  emotional  behavior.  Much  of  our  more 
recent  work  in  this  area  represents  an  attempt  to  delimit  the  critical 
determinants  of  this  “anxiety”  response  at  both  a  behavioral  and  a 
neurological  level. 

Such  a  comparative  laboratory  approach  to  the  problem  of  emotional 
behavior,  of  course,  is  particularly  vyell  suited  to  the  exploration  of 
nervous- system  participation  in  psychological  events.  Several  recent 
experiments  have  been  concerned  with  the  functional  properties  of  rather 
specific  neuroanatomic  entities  and  their  relationship  to  the  conditioned 
“anxiety”  response.  It  has  been  possible  to  show,  for  example,  that  the 
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elaboration  of  even  such  basic  aspects  of  affective  expression  depends 
heavily  upon  the  integrity  of  quite  specific  portions  of  the  central  ner¬ 
vous  system,  notably  that  group  of  limbic-system  structures  currently 
receiving  considerable  multidisciplinary  attention.^*®  Figure  2  shows 
a  semidiagrammatic  representation  of  the  principal  anatomical  relation¬ 
ships  that  characterize  the  more  medial  aspects  of  the  cerebral  hemi¬ 
spheres  and  constitute  the  limbic  system  as  we  have  defined  it.  In  the 
interest  of  both  morphological  and  functional  clarity  it  has  seemed 
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I  expedient,  if  somewhat  arbitrary,  to  consider  these  forebrain  structures 
within  3  general  anatomical  classes  or  groups  as  follows: 

t  (1)  First,  the  “paleocortex”  or  “allocortex”  is  defined  so  as  to  in- 
i  dude  only  those  surface  structures  that  meet  the  criteria  for  cortex  sug¬ 
gested  by  Rose  and  Woolsey^  (a  composition  of  at  least  3  layers,  the 
3  superficial  layer  constituting  a  fiber  layer)  and  that  also  have  clear 
phylogenetic  primacy.  By  this  rather  strict  definition  the  structures  that 
I  are  to  be  regarded  as  “paleocortex”  include  only  the  hippocampus 

r  (Ammon’s  horn  and  the  dentate  gyrus),  the  pryiform  lobe  (prepyriform 

cortex,  periamygdaloid  cortex,  and  entorhinal  area),  and  the  olfactory 
bulb  and  tubercle. 

'  (2)  Second,  “juxtallocortex”  refers  only  to  that  group  of  cortical 

'  regions  that  are  intermediate  in  position  between  the  phylogenetically 
j  old  “paleocortex”  and  the  phylogenetically  young  neocortex,  most  of 
which  have  demonstrable  anatomical  connections  with  paleocortical 
structures.  Such  “juxtallocortical”  regions  include  the  cingulate  gyrus 
or  “limbic  cortex,”  the  presubiculum,  and  the  “frontotemporal” 
cortex  as  recently  defined  by  Pribram  and  Kruger.^ 

(3)  Finally,  a  third  group  of  “subcortical  structures”  (not  meeting  the 
criteria  for  “cortex”)  that  have  been  shown  to  be  intimately  related,  both 
stnicturally  and  functionally,  to  the  “paleocortex”  and  “juxtallocortex” 
must  be  considered.  These  include  the  amygdaloid  complex,  the  septal 
region  (septal  nuclei  and  the  nucleus  of  the  diagonal  band),  and  certain 
thalamic  and  hypothalamic  nuclei,  and  possibly  even  the  caudate  nucleus 
I  and  midbrain  reticular  formation. 

Most  of  the  structures  included  in  this  classificatoiy  scheme  were 
formerly  believed  to  be  involved  in  mechanisms  of  olfaction,  and  have 
been  consequently  regarded  as  the  “olfactory  brain.  This  view,  which 
tends  to  be  perpetuated  by  the  broad  usage  cf  the  term  “rhinencephalon,”’ 
would  presently  appear  to  be  untenable  since  recent  studies^'®  have 
clearly  demonstrated  a  much  more  restricrted  distribution  of  primary 
olfactory  afferents  (that  is,  of  fibers  originating  from  the  olfactory  bulb). 
On  the  basis  of  this  evidence,  the  term  “rhinencephalon”  refers  only  to 
those  structures  subserving  olfactory  functions,  including  the  olfactory 
bulb  and  tubercle,  prepyriform  and  periamygdaloid  cortex,  some  of  the 
nuclei  of  the  amygdaloid  complex,  and  the  bed  nucleus  of  the  stria 
terminalis. 

Although  large  cortical  lesions  have  been  found  to  produce  little  or  no 
effect  upon  either  the  acquisition,  retention,  or  extinction  of  the  condi¬ 
tioned  “anxiety”  response  in  laboratory  rats,  involvement  of  the  more 
deep-lying  subcortical  components  of  the  limbic  system  clearly  results 
in  significant  changes.  Specifically,  lesions  in  the  septal  region  and 

i  hippocampus  have  been  found  to  produce  significant  decrements  in  re¬ 
tention  of  the  “anxiety”  response,  along  with  more  dramatic  changes  in 
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Figure  2.  Semidiagrammatic  representation  of  the  principal  anatomical  rela¬ 
tionships  between  the  “paleocortex,”  the  “juxtallocortex, ’*  and  the  several 
“subcortical  structures’*  considered  in  the  present  treatment  of  the  “limbic 
system.”  The  brain-stem  portions  of  the  system  have  been  schematically  dis¬ 
placed  from  the  hilus  of  the  hemisphere  and  represented  in  the  lower  half  of  the 
figure  in  order  to  facilitate  visualization  of  the  numerous  anatomical  intercon¬ 
nections  involving  these  structures.  Abbreviations:  A.,  anterior  nucleus  of  the 
thalamus;  Am.,  amygdaloid  complex;  Ar.,  arcuate  nucleus;  B.  Olf.,  olfactory 
bulb;  CA,  anterior  commissure;  Ch.,  optic  chiasm;  Corp.  Call.,  corpus  callosum; 
DM.,  dorsomedial  nucleus  of  the  thalamus;  Eiu,  entoihinal  area;  Fx.,  fornix;  H., 
habenular  complex;  HP.,  habenulointeipeduncular  tract;  L.,  lateral  thalamic 
nucleus;  MB.,  mammillary  bodies;  MT.,  mammillothalamic  tract;  Periam.,  peri- 
amygdaloid  cortex;  Pit.,  pituitary;  Prepyr.,  prepyriform  cortex;  Presub.,  presu- 
biculum;  S.,  septal  region;  Teg.,  midbrain  tegmentum;  TO.,  olfactory  tubercle; 
V.,  ventral  nucleus  of  the  thalamus;  IL.,  intralaminar  thalamic  nuclei;  IP.,  Inten 
peduncular  nucleus. 
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P  gross  affective  expression.**  Resistance  to  extinction  of  the  conditioned 
I  "anxiety”  response  also  appears  to  be  reduced  significantly  following 

(lesions  of  the  habenular  complex  of  the  thalamus,  although  cingulate 
lesions  have  no  apparent  effect  on  such  behavior.  In  addition,  restricted 
lesions  in  the  amygdaloid  nuclei  have  been  found  to  produce  alterations 
in  both  conditioned  and  unconditioned  emotional  behavior  in  cats.  Follow- 
I  ing  such  lesions,  gross  behavioral  modifications  include  increased  motor 
:  activity  in  response  to  visual  stimuli,  exagg3rated  oral  and  vocal  activity, 

I  relative  docility,  and  marked  hypersexuality.®^  Furthermore,  animals 
with  such  amygdaloid  lesions  have  considerably  more  difficulty  acquiring 
an  avoidance  response  (conditioned  in  a  conventional  double-grill  box) 
than  either  unoperated  cats  or  cats  with  control  lesions  of  the  cingulate 
gyrus.  Interestingly  enough,  however,  animals  that  had  acquired  the 
avoidance  response  before  amygdalectomy  showed  no  decrement  in  reten¬ 
tion  of  the  response  postoperatively.®® 

Of  most  recent  interest,  however,  has  been  the  application  of  this 
comparative  approach  to  the  experimental  analysis  of  emotional  behavior 
in  exploring  the  reinforcing  effects  of  intracranial  electrical  stimulation 
I  involving  the  limbic  system.  Olds  and  Milner  have  reported  that  rats 
'  electrically  stimulating  themselves  in  various  portions  of  this  limbic 

i  system  by  pressing  a  bar  were  able  to  maintain  high  lever-pressing  rates 
without  any  other  reward.^  It  is  now  possible  to  produce  this  same 
I  phenomenon  in  the  cat  and  monkey,  and  to  further  delimit  some  of  the 
I  variables  of  which  it  is  a  function,  including  specific  anatomical  locus 
[  of  the  stimulating  electrodes,  schedules  of  intracranial  electrical-stimu- 

Ilation  reinforcement,  food  deprivation,  electrical-stimulus  intensity,  and 
the  like. 35  But  ot  primary  interest  from  the  standpoint  of  our  present 
I  concern  with  emotional  behavior  and  the  nervous  system  would  seem  to 

i 

be  some  most  recent  findings  on  the  interaction  effects  between  the 
conditioned  “anxiety”  response  and  this  intracranial  self-stimulation 
phenomenon. 

Using  a  pulse-pair  generator  recently  described  by  Lilly  and  his  co¬ 
workers*  to  provide  an  electrical- stimulus  reward  through  chronically 
implanted  electrodes,  stable  lever-pressing  rates  have  been  maintained 
on  several  different  reinforcement  schedules  over  relatively  long  periods 
of  time  in  rats,  cats,  and  monkeys.*  Figure  3  shows  some  typical 
cumulative  response  curves  obtained  from  a  cat  with  an  electrode  in  the 
caudate  nucleus,  illustrating  characteristically  stable  lever-pressing 
rates  for  electrical  stimulation,  first  on  a  variable  interval-reinforcement 
schedule  (average  16-second  interval  between  rewards)  and  then  on  a 
fixed  ratio-reinforcement  schedule  (1  reward  for  every  7  lever  responses). 
The  effects  of  the  conditioned  “anxiety”  procedure  upon  such  stable 
lever-pressing  habits  for  intracranial  electrical  stimulation,  however, 

I  have  been  found  to  differ  markedly  from  those  observed  when  the  bar- 
J  pressing  response  is  maintained  on  a  water-reward  schedule.  For  example. 
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a  conditioned  “anxiety”  response  that  has  been  previously  superimposed 
upon  a  stable  lever-pressing  habit  for  an  aperiodic  (variable  intenal) 
water  reward  fails  to  appear  when  the  same  animal  is  lever  pressing  for 
an  intracranial  electrical  stimulus  reward  in  the  supracommissural  septun 
on  exactly  the  same  variable  interval-reinforcement  schedule.**  Presenta¬ 
tion  of  conditioned  clicker  stimulus  fails  to  suppress  the  lever-pressing 

LEVER  PRESSING  FOR  VARIABLE-INTERVAL 
AND  FIXED-RATIO  INTRACRANIAL 
ELECTRICAL  STIMULATION  REWARD 


Figure  3.  Sample  cumulative  response  curves  showing  stable  lever-pressing 
rates  for  variable  interval  (mean  of  16  seconds)  and  fixed-ratio  (7  to  1)  intra¬ 
cranial  electrical  stimulation  reward.  Oblique  "pips”  indicate  reinforcements. 
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Figure  4.  Sample  cumulative  response  curves  showing  acquisition  trials  for 
the  conditioned  "anxiety”  response  superimposed  upon  lever  pressing  for  vari* 
able>interval  (mean  of  16  seconds)  water  and  intracranial  electrical -stimulation 
reward.  The  oblique  solid  arrows  indicate  the  onset  of  the  conditioned  auditory 
stimulus,  and  the  oblique  broken  arrows  indicate  the  termination  of  the  condi¬ 
tioned  stimulus  contiguously  with  the  brief  unconditioned  grid-shock  stimulus  to 
the  feet  during  each  trial. 

rate  or  produce  the  characteristic  crouching  and  defecation  although, 
when  the  animals  are  returned  to  lever  pressing  for  water,  the  conditioned 
"anxiety”  reappears  with  all  its  multiple  manifestations  in  response  to 
the  clicker. 

As  a  matter  of  fact,  this  same  differential  effect  of  the  conditioned 
“anxiety”  response  is  demonstrable  during  a  single  2-hour  lever-pressing 
session  with  alternating  SO-minute  periods  for  water  reward  and  for  intra¬ 
cranial  electrical  stimulation  reward.  Although  presentation  ofthe  clicker 
clearly  suppresses  the  lever-pressing  rate  (and  also  produces  crouching 
and  defecation)  during  the  water-reward  periods,  no  such  effect  is  ap¬ 
parent  during  the  electrical-stimulation  reward  periods,  even  though 
j  termination  of  the  clicker  is  accompanied  on  each  occasion  by  shock  to 
the  feet.  Furthermore,  it  is  now  quite  clear  that  a  remarkable  resistance 
to  acquisition  of  the  conditioned  “anxiety”  response  can  be  observed 
when  the  animal  is  concurrently  provided  with  the  opportunity  for  intra¬ 
cranial  self-stimulation  of  at  least  these  rather  restricted  portions  of  the 
limbic  system.  Figure  4  shows  several  cumulative  response  curves  for 
a  rat,  first  during  superimposition  of  the  “anxiety”  response  upon  lever 
pressing  for  water  reward,  and  then  upon  lever  pressing  for  electrical 
stimulation  reward.  By  the  third  conditioning  trial,  presentation  of  the 
clicker  during  the  water-reward  lever-pressing  sessions  produced  the 
characteristic  suppression,  crouching,  and  defecation,  although  no  such 
"anxiety”  indicators  appear  after  as  many  as  16  pairings  of  clicker  and 
grid  shock  during  lever-pressing  sessions  for  electrical  stimulation  re¬ 
ward.  The  small  arrows  on  the  figure  indicate  onset  of  the  clicker  and  its 
termination  with  grid  shock  during  each  lever-pressing  session. 

It  seems  hardly  necessary  to  point  out  that  interpretation  of  these 
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findings  within  the  descriptive-behavioristic  framework  represented  by  f 
the  present  approach  to  neuropsychology  must  await  the  answers  to  many  | 
experimental  questions  still  under  investigation.  Of  course,  the  several  * 
research  studies  reported  in  this  paper  can  be  seen  to  share  a  common  j 
emphasis  upon  the  detailed  experimental  analysis  of  a  somewhat  re-  ! 
stricted  class  of  behavioral  events  and  the  exploration  of  their  relation-  f 
ships  to  specific  aspects  of  nervous-system  structure  and  function.  It  is  I 
clear,  however,  that  a  variety  of  behavioral  and  physiological  contingen-  ■ 
cies  contribute  in  most  subtle  but  significant  ways  to  both  the  topography 
and  dynamic  functional  properties  of  such  affective  phenomena.  Many 
attempts  have  been  made  to  order  these  neuropsychological  diversities 
to  unitary  theoretical  principles— that  is,  emphasis  upon  the  role  of 
“anxiety  reduction”  as  a  motivational  construct,  and  the  like.^  Indeed,  t 
contemporary  preoccupation  with  acquired  drives  and  similar  intervening  I 
variables  would  seem  to  provide  ample  opportunity  for  avoiding  the  j 
conceptual  poverty  that  might  be  said  to  characterize  the  present  experi-  ) 
mental  approach.  This  more  empirical  analysis,  however,  clearly  reflects  { 
some  concern  that  such  monolithic  ordering,  prematurely  embraced,  might  ! 
serve  to  obscure  important  behavioral  and  physiological  relationships  I 
among  neuropsychological  phenomena  presumed  to  have  some  crucial  i 
dependence  on  what  we  conventionally  regard  as  “emotion.”  j 
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SECTION  OF  MATHEMATICS  AND  ENGINEERING 

I  SEVERAL  NEW  PHYSICAL  ASPECTS  OF  FLUID  MEDIA 

INFLUENCED  BY  ELECTRIC  FIELDS* 

B>»01eg  Yadoff 

Applied  Physics  Research  Foundation,  Inc.,  Palo  Alto,  Calii. 

In  previous  papers  presented  before  The  New  York  Academy  of 
Sciences  and,  subsequently,  before  the  American  Physical  Society,  New 
York,  N.Y.,  I  have  endeavored  to  describe  several  new  effects  that  we 
have  observed  and  that  come  under  the  heading  of  the  action  of  electro¬ 
static  fields.  I  have  tried  to  explain  these  effects  by  means  of  new  ideas, 
which,  however,  in  no  sense  conflict  with  any  of  the  currently  held 
j  physical  theories.  This  paper,  to  a  large  extent,  has  grown  out  of  the 
previous  ones.  It  contains  several  new  observations  of  electrostatic 
actions  on  various  liquids. 

Experimental  Observations 

I  Let  me  set  forth,  first,  the  essential  experimental  data.  Figure  la 
I  shows  a  vegetable  oil  surface  on  which  stationary  grooves  or  ripples 
have  been  formed  as  a  result  of  agitation  produced  under  the  influence  of 
J  an  electrostatic  field  emitted  from  a  fine  wire  suspended  in  the  air  over 
I  the  oil  surface.  In  figure  lb  is  seen  the  same  oil  surface  as  affected 
by  an  electrostatic  field  emitted  by  a  sphere.  Figure  Ic  depicts  again 
the  same  oil  surface  when  the  electrode  is  a  mere  point.  In  each  instance 
the  oil  was  contained  in  a  round  receptacle  of  some  dielectric  substance, 
but  with  a  metal  bottom,  measuring  300  cm.  in  diameter.  The  thickness 
of  the  oil  was  kept  at  2.5  cm.  The  potential  was  applied  to  the  fine  wire 
(tungsten,  0.1  mm.  in  diameter)  and  to  the  sphere  (bronze,  2  cm.  in  diame¬ 
ter),  and  the  copper-tipped  rod  that  was  used  was  40  kv.,  both  positive 
and  negative.  Each  of  the  3  electrodes  was  suspended  above  the  oil 
surface  at  a  distance  of  15  cm. 

Figure  2a  shows  the  surface  of  a  mineral  oil  (motor  lubricant)  of 
high  viscosity  being  tested  under  the  same  conditions  as  those  shown  in 
FIGURE  1.  Figure  2b  depicts  a  medium-viscosity  oil  (transformer 'oil) 
and  figure  2c  illustrates  a  glycerin  surface  as  affected  by  the  mere- 
point  electrode  under  identical  conditions.  When  water  is  used,  whether 
distilled  or  not,  very  regular  hertzianlike  waves  are  formed,  just  as  if 
the  water  were  being  agitated  mechanically.  Figure  3  shows  a  water 
surface  under  the  conditions  described  above,  as  affected  by  an  electric 
field  emanating  from  the  point  electrode.  To  render  the  effect  more 
photogenic  the  surface  of  the  water  was  sprinkled  with  mica. 

’This  paper,  illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Section 
April  20,  1956. 


Figure  l. 

When  2  or  more  electrodes  are  used  in  place  of  1,  the  effect  is  not 
eliminated,  although  sometimes  additional  phenomena  will  appear,  among 
others,  interference  phenomena.  Figure  4  displays  an  example  of  inter¬ 
ferences  among  hertzian  waves  on  a  surface  of  distilled  water,  the  waves 
having  been  caused  by  electrostatic  fields  from  2  identical  mere-point 
electrodes  carrying  the  same  potential.  The  figure  shows  clearly  the 
appearance,  on  the  surface  of  the  water,  of  hyperbolic  grooves  or  ripples, 
along  which  the  waves  become  stationary.  This  indicates  that  the  2  point 
electrodes,  A  and  B,  are  perfectly  synchronized.  Such  interferences  will 
also  occur  when  3  or  more  electrodes  are  used,  providing  they  are  proper-  f 
ly  synchronized.  i 

Figure  5  shows  a  surface  of  soap  bubbles  formed  by  the  action  of  the  ^ 
electrostatic  field.  The  electrostatic  field  caused  a  steady  bursting  of  ‘ 
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the  larger  bubbles,  uneven  in  size,  of  which  the  surface  was  first  com¬ 
posed.  Surfaces  similar  to  this  were  achieved  by  mechanical  means  by 
W.  Lawrence  Bragg.  To  achieve  this  result  mechanically,  however,  is  far 
costlier  in  time  than  to  do  so  electrically. 

Figure  6  consists  of  photomicrographs  of  2  water  samples  saturated 
with  crystals  by  precipitation.  Photomicrograph  6a  shows  plain  water, 
characterized  by  the  presence  of  large  crystals,  and  photomicrograph  6b 
shows  exactly  the  same  water  after  exposure  to  the  influence  of  the 
electrostatic  field  under  the  conditions  outlined  above. 

To  conclude  this  account  of  our  experiments  we  mention  the  influence 
of  an  electric  field  on  liquids  containing  living  organisms.  Figure  7 
depicts  3  different  water  samples  containing  normal  live  sarcinae.  Photo¬ 
micrograph  7a  illustrates  a  sample  unexposed  to  the  electrostatic  field. 
In  photomicrograph  7b  is  seen  a  sample  after  10  minutes  of  exposure 


Figure  2. 
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FIGURE  3. 

under  conditions  described  above.  Photomicrograph  7c  shows  a  sample 
after  10  minutes  of  exposure  to  a  field  times  stronger  than  that  used 
in  the  case  of  7b,  that  is,  to  a  field  of  60  kv.  In  7b  the  large  original 
agglomerations  of  the  sarcinae  have  been  broken  up  into  small  ones,  al¬ 
though  the  organisms  themselves  still  live.  In  7c  the  original  agglomera¬ 
tions  have  diminished  further,  aixl  the  organisms  themselves  are  all  dead. 


Physical  Analysis 


These  observations  have  demonstrated  that  the  action  of  the  electro¬ 
static  fields  induces  electrification  of  the  medium  treated.  The  various 
liquids  we  have  mentioned,  when  placed  in  contact  with  the  electroscopes, 
indicate  the  presence  of  electricity  of  like  sign.  We  must,  therefore, 
concede  that  the  liquids  become  the  seat  of  electrostatic  forces  and 
undergo  Coulomb’s  repulsive  tensions.  The  hertzian  waves  that  spread 


FIGURE  4. 


Figure  9. 


over  the  surface  of  the  water  and  into  its  interior  are  surely  the  result  of 
such  forces.  It  is  different,  however,  with  viscous  liquids  such  as  oils 
and  glycerin.  The  forces  acting  horizontally  tend  to  expel  the  oil  from 
the  container,  while  the  forces  acting  vertically  cause  regular  vertical 
cell-shaped  vortices  in  the  oil.  If  the  point  electrode  is  used,  the  surface 
of  the  oil  will  resemble  a  honeycomb  in  appearance  (figure  8).  On  the 
other  hand,  if  the  fine  wire  electrode  is  used  we  again  have  the  groove  or 
ripple  pattern  (figure  9).  Figure  10  shows  a  diagram  of  a  liquid  of 
low  viscosity  that  at  one  and  the  same  time  will  have  the  vertical  vortices 
within  and  the  hertzian  waves  spreading  over  its  surface.  The  2  zones 
involved  are  relatively  independent  of  each  other. 

Finally,  to  give  a  more  complete  idea  of  what  occurs,  I  have  dia¬ 
grammed  the  hyperbolic  fringes  of  interferences  produced  by  2  synchro¬ 
nized  point  electrodes  (figure  11).  Let  us  take  an  arbitrary  point  M  on 
the  crest  of  a  spreading  hyperbola-shaped  wave.  To  go  from  A  to  M  the 
electric  wave  will  require  amount  of  time  aT.  To  go  from  B  to  M,  under 
the  principle  of  interference,  the  amount  of  time  needed  will  also  be  aT, 
a  being  a  whole  number.  We  shall  let  b  likewise  be  a  whole  number.  The 
vibration  imposed  on  M  hy  A  will  be  the  same  as  that  from  source  A. 
Likewise,  that  imposed  by  8  on  M  is  the  same  as  that  of  B.  This  holds 
true  for  any  amount  of  time,  position,  direction  or  speed.  Since,  however, 
the  actions  at  A  and  B  are  by  definition  identical,  the  movements  of  the 
fluid  at  M,  produced  respectively  by  A  and  B,  are  absolutely  the  same, 
and  they  constantly  reenforce  each  other.  Consequently,  with  a  and  b 
whole  numbers,  we  see  at  every  point  a  clear  crest  resulting  from  the 
sum  of  the  effects,  themselves  produced  by  the  point  electrodes.  Physi¬ 
cal  theory  teaches  us  then  that  all  points  such  as  M,  M' ,  A/",...  are  found 
at  the  intersection  of  circles  having,  respectively,  A  and  B  as  their 
centers.  All  the  points  on  the  hyperbolic  curves,  therefore,  make  up,  in 
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effect,  the  crest  of  the  spreading  wave  (the  bright  fringes  shown  in 
FIGURE  4).  Similarly  we  may  derive  the  hyperbolae  comprising  the  dark  ; 
fringes  by  finding  the  points  N,  N' ,  /V",...  the  differences  between  AM  j 
and  BM.  This  operation  occurs  under  the  law  of  interference,  which  holds  | 
that  synchronized  movements,  said  to  be  in  phase,  augment  one  another,  [ 
whereas  motions  that  conflict,  that  is,  motion  said  to  be  in  opposition  ol  ‘ 
phase,  diminish  one  another.  It  follows  that  the  existence  of  interference  ' 
waves  on  the  surface  of  nonviscous  liquids,  and  particularly  on  the  i 
surface  of  water,  can  be  verified  mathematically.  We  also  have  reason  to 
assume,  logically,  that  such  interference  waves,  which  have  their  own  | 
period  and  their  own  phase,  spread  down  beneath  the  surface  of  the  i 
water,  though  the  levels  at  which  they  do  so  will  be  different.  Similar 
interferences  have  been  obtained  on  the  surface  of  mercury.  When  ex¬ 
perimenting  with  mercury,  however,  care  must  be  taken  to  prevent  any 
oxidation  of  the  surface  of  the  metal.  i 

The  formation  of  the  electrical  vortices,  whether  cell-shaped  or  groove-  | 
shaped,  can  be  explained  as  follows:  let  us  suppose  that  a  molecule  of  j 
air,  carrying  an  electric  charge  e  and  following  along  the  lines  of  force  ■ 
of  an  electrostatic  field,  lands  on  the  surface  of  our  Hquid.  We  shall  | 
assume  the  air  molecule  to  be  spherical  and  the  electric  charge  to  be  - 
located  at  its  center.  In  the  air  around  this  charged  molecule  there  are 

47t  e  lines  of  force  whose  density  at  the  spherical  surface  is  r  being 

the  air  molecule’s  radius.  We  shall  say  that  the  dielectric  constant  of  the  | 
air  molecule  6  is  equal  roughly  to  1,  and  that  the  dielectric  constant  of  j 
the  liquid  is  e' (generally  e' >  1),  so  that  the  density  of  the  lines  of 
force  at  the  surface  of  the  liquid  will  be  —7-^.  that  is,  e' times  greater  j 

than  around  the  surface  of  the  molecule.  The  total  number  of  lines  of  : 
force  emanating  from  charge  e  in  the  liquid  will  be  also  6  'times  smaller,  j 

4e  I 

being  expressed  as  — y,  instead  of  as  47Te.  We  may  say  then  that,  in  1 

traversing  the  surface  separating  the  molecule  from  the  liquid  that  sur-  I 
rounds  it,  the  lines  of  force  encounter  a  veritable  dielectric  barrier,  with  j 
the  result  that  certain  of  the  lines  of  force  are  lost.  This  is  illustrated  in 
FIGURE  12.  Instead  of  a  single  molecule  of  air,  let  us  now  imagine  a 
multitude,  a  congeries,  perhaps  in  the  form  of  an  air  bubble,  with  the 
combined  electric  charges  concentrated  at  its  center.  The  situation  is 
essentially  the  same.  As  in  the  preceding  instance,  the  surface  separat-  J 
ing  the  air  bubble  from  the  liquid  constitutes  a  dielectric  barrier  with  ; 
electrostatic  tension  differing  from  one  part  to  another.  To  cross  this 
barrier  the  electrons  must  make  a  leap.  In  so  doing,  by  mechanical  j 
shocks,  they  describe  around  the  air  bubble,  in  effect,  a  kind  of  spherical  | 
dome.  Depending  on  the  nature  of  the  liquid  and  whether  the  electric  i 
field  is  positive  or  negative,  this  “dome”  may  be  either  convex  or  con-  ^ 
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I  Figure  12. 

I  cave.  Such  is  the  image  of  the  surface  element  of  a  liquid  when  struck 

I  by  an  electrostatic  field. 

In  the  case  of  nonviscous  liquids  such  as  water  the  electrons  striking 
the  surface  produce  hertzian  waves.  The  length  of  these  waves  will  de¬ 
pend  on  the  intensity  of  the  electrostatic  field  and  the  viscosity  of  the 
liquid  used.  Regardless  of  their  length,  however,  the  waves  tend  to  re¬ 
move  from  the  liquid,  practically  instantaneously,  all  charges  imparted 
I  to  it  by  the  electrostatic  field,  or  (as  we  should  say)  by  the  electric 
I  “wind.”  Indeed,  electroscopic  measurement  of  the  electrostatic  charges 
I  in  the  liquid  while  the  electrostatic  field  is  in  action  becomes  zero  as 
1  soon  as  this  field  is  turned  off.  With  more  viscous  liquids  such  as  oils 
I  the  phenomenon  grows  more  complex  because,  with  these,  the  viscosity, 

I  or  friction,  tends  to  eliminate  the  waves.  With  a  field  of  even  relatively 
(  low  intensity  the  forces  of  tension  pull  all  of  the  liquid  up  to  the  surface 
and  expel  it  from  the  container.  A  viscous  liquid,  therefore,  is  subject  to 
much  greater  electrostatic  tensions  than  a  nonviscous  one.  A  permanent 
electrostatic  charge  is  registered  for  a  certain  time  after  the  electro¬ 
static  field  is  turned  off.  With  a  slight  increase  in  the  electrostatic 
field’s  intensity,  more  and  more  charges  accumulate  in  the  liquid  until, 
if  the  point  electrode  is  being  used,  star-shaped  patterns  appear  (figure 
13). 

When  the  electric  field  is  weak,  the  forces  acting  laterally  predominate 
over  those  acting  vertically.  When  the  field’s  intensity  is  stepped  up,  how¬ 
ever,  accumulated  charges  increase  in  number,  thereby  strengthening  the 
electrostatic  forces.  Bodies  of  air  bearing  electric  charges  become 
I  distributed  more  or  less  evenly  under  the  resultant  action  of  the  forces 
!  arising  simultaneously  from  the  electrostatic  field  and  the  electrostatic 
accumulations  in  the  liquid.  It  is  as  if  the  liquid  were  being  transformed 
into  a  crystalline  state  (figures  8  and  9).  Figure  14  depicts  this 
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li  phenomenon  occurring.  The  air  bubbles  are  represented  by  the  small 
black  circles.  The  tiny  white  circles  inside  the  black  circles  represent 
the  electric  charges.  The  large  circles  denote  the  viscous  liquid  sur> 

(rounding  the  air  bubbles.  Equilibrium  among  the  forces  of  repulsion  pro¬ 
duces,  logically,  the  pattern  that  results;  a  pattern  that,  when  distribution 
is  perfect,  assumes  the  form  of  a  polygonal  network.  The  action  of  the 
electrons  leaping  across  the  surface  separating  the  air  bubbles  from  the 
!  liquid  causes  mechanical  shocks  that,  in  turn,  impel  droplets  of  the 
liquid  downward  toward  the  bottom  throughout  the  zone  of  the  large 
circle  and  upward  toward  the  surface  in  the  zone  of  the  small  circle,  or, 
of  course,  vice  versa.  The  motion  produced  in  the  column  of  the  small 
circle  is  obviously  more  rapid  than  that  which  occurs  in  the  column  of 
the  large  circle,  and  it  is  this  difference  that  makes  the  liquid  seem  to 
I  be  boiling.  This  fact  may  also  explain  the  existence  of  the  cell-like 

II  vortices  that  we  observed  in  the  experiments.  It  is  noted  in  certain 
cases,  for  example,  that  when  viscosity  of  the  liquid  is  high,  or  when  the 
intensity  of  the  electrostatic  field  is  insufficient,  internal  friction 
^  causes  a  certain  number  of  the  liquid  droplets  to  remain  in  permanent 
vortical  motion.  Such  droplets  do  not  bear  electric  charges,  however,  and 
I  the  vortices  thus  formed,  though  plainly  visible  to  the  naked  eye,  are 
not  of  the  electroconvective  kind,  and  their  crests  touch  neither  the 
surface  of  the  liquid  nor  its  bottom.  Ail  of  this  is  equally  applicable  to 


cases  showing  ripples  or  grooves  and  to  those  cases  showing  mixed 
:  patterns,  that  is,  involving  both  the  ripples  and  the  cell-like  polygons. 
^  A  study  of  this  phenomenon  of  the  formation  of  regular  balanced  cells 
'  under  the  action  of  electrostatic  tensions  can  be  supplemented  by  the 
following  experiments:  let  us  float  on  a  water  surface  small  spheres  of 
some  light  insulating  material,  plastic,  for  instance,  having  diameters 
no  greater  than  those  of  peas.  We  then  apply  our  electric  field,  in  the 
same  manner  as  heretofore,  using  any  one  of  the  mentioned  types  of 
electrodes.  We  observe  that  the  spheres  begin  to  move,  forming,  in  their 
quest  for  equilibrium,  into  various  groupings  and  patterns  determined  by 
'  the  intensity  of  the  electric  field.  We  may  repeat  the  experiment  using 
any  other  liquid,  including  mercury.  Another  variant  is  to  use  a  set  of  pernva- 
j  nent  magnets  such  as  small  bits  of  steel  of  the  size  and  shape  of  phono- 

!  graph  needles.  These  are  fastened  to  circular  pieces  of  some  light 

I  plastic  material  and  are  left  to  float  on  a  water  surface  in  such  a  way 

j  that  the  same  pole  of  each  is  left  jutting  into  the  air,  the  identical  other 

j  pole  of  each  being  in  contact  with  the  plastic,  that  is,  with  the  water. 

When  the  electric  field  is  introduced  the  magnets  will  assume  regular 
I  geometric  patterns  of  crystal-like  shape.  Also,  instead  of  the  electric 
field,  another  magnet  may  be  used,  one  so  much  larger  than  the  others 
that  the  quantity  of  its  magnetism  will  be  about  equal  to  the  combined 
total  of  the  others.  By  holding  this  larger  magnet  over  the  approximate 
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center  of  the  group  of  floating  smaller  magnets,  the  pole  of  the  larger 
magnet  nearest  to  them  being  the  opposite  of  the  poles  of  the  smaller 
magnets,  which  jut  into  the  air,  we  again  bring  the  little  magnets  into 
motion,  and  again  they  form  into  perfectly  balanced  crystal-shaped 
patterns.  Using  15  such  little  magnets,  for  example,  we  observe  3  even, 
concentric  networks.  Using  30,  we  observe  4  networks,  and  so  forth. 
More  of  these  experiments  are  in  progress. 

Physicochemical  Consequences 

The  presence  of  electric  charges  in  a  liquid  certainly  produces  physi¬ 
cochemical  changes.  The  breaking  down  of  the  larger  crystals  of  any 
solid  substance  in  suspension  in  the  liquid  into  crystals  of  a  smaller 
size  represents  one  such  change.  We  must  not  forget  that  forces  of  re¬ 
pulsion  acting  over  very  short  distances  are  extremely  great— of  the  order 
of  several  hundred  kilograms.  It  is  therefore  natural  that  the  large 
crystals  should  be  broken  down  rapidly  into  smaller  ones,  a  process  that 
ceases  only  when  the  dimensions  are  too  small  for  the  accumulation  of 
potentials  adequate  to  the  job  of  breaking.  Starting  out,  then,  with 
crystals  of  heterogeneous  sizes,  we  finish  with  a  substance  whose 
crystals  are  virtually  all  of  1  size.  This  is  shown  in  the  photomicrographs 
of  FIGURE  6.  I  might  mention  here  that,  instead  of  using  electrostatic 
charges,  a  similar  even  crystallization  may  be  produced  by  means  of 
electrolytic  action.  As  nearly  as  1945  W.  Dubilier  obtained  patents  in  the 
United  States  on  a  process  for  treating  liquids  with  batteries  of  very  low 
voltage.  In  the  same  connection,  the  work  of  Conrad,  Freeborn,  and  Trevor 
cannot  be  overlooked  (see  United  States  patents). 

Another  important  effect  resulting  from  the  presence  of  electrostatic 
tensions,  such  as  those  employed  in  the  breaking  down  of  crystals  as 
described  above,  is  the  inducement  in  the  liquid  of  a  polytropic  state. 
In  other  words,  the  fact  that  the  electrostatic  tensions  produce  a  static 
equilibrium  in  the  liquid  causes  the  various  crystal  particles  to  arrange 
themselves  so  that  their  principal  facets  incline  toward  one  another  at 
different  angles.  The  experiments  show,  too,  that  there  is  a  rise  in 
temperature.  It  must  be  assumed,  then,  that  specific  heats  relative  to 
the  polytropic  evolution  of  any  fluid  media  do  exist,  just  as  they  exist- 
according  to  current  physical  theories— in  the  case  of  the  polytropic 
evolution  of  perfect  gases.  In  fluid  media,  wherein  chemical  reactions 
occur,  as,  for  example,  in  soapy  water,  the  electric  charges  work  upon 
the  electrical  affinity  of  chemical  substances,  thus  accelerating  their 
intermolecular  agitation  and,  logically,  their  chemical  reactions.  In  this 
event  the  electric  charges  function  as  catalysts.  There  are,  however, 
molecules  in  soapy  water  to  which  electric  charges  attach  themselves 
and  form  ions  of  like  sign.  Also,  by  dissociation,  we  have  the  ions  of 
opposing  signs:  anions  and  cations.  The  ions  thus  created  produce 
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I  additional  chemical  disturbances  that  we  may  classify  as  electrochemical 
,  reactions.  In  general,  the  reactions  caused  in  soapy  water  are  exothermic, 
that  is,  of  the  type  that  release  heat.  Acceleration  of  the  reactions, 
chemical  or  electrochemical— for  the  actual  acceleration  period— raises 
the  temperature  of  the  liquid. 

Conclusion 

Observation  of  electrical  vortices  is  a  matter  of  great  potential  inter¬ 
est,  both  theoretical  and  practical.  It  not  only  broadens  our  existing 
horizon  but  promises  to  yield  many  applications,  both  foreseen  and,  as 
!  yet,  unforeseen.  We  are  hopeful  that  further  studies  will  enable  us  to 
formulate  a  broader  explanatory  synthesis.  Meanwhile  we  shall  soon 
publish  the  mathematical  deductions  pertaining  to  our  experiments  on 
specific  heats  relative  to  the  polytropic  evolution  of  fluid  mixtures  and 
I  also  computations  relevant  to  the  injection  of  gases  into  liquids  and  into 
I  the  atmosphere  at  both  subsonic  and  supersonic  speeds. 
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SECTION  OF  ANTHROPOLOGY 

MAZEWAY  RESYNTHESIS:  A  BIOCULTURAL  THEORY  OF 
RELIGIOUS  INSPIRATION* 

By  Anthony  F.  C.  Wallace 

Eastern  Pennsylvania  Psychiatric  Institute,  and  University  ol  Pennsylvania, 
Philadelphia,  Pa. 

Introduction 

The  scientific  student  of  human  behavior  must  be  struck  by  the  im¬ 
portance  of  the  phenomenon  of  religious  inspiration.  Provided  he  does 
not  permit  his  professional  bias  against  “superstition”  to  make  the  sub¬ 
ject  distasteful,  he  quickly  discovers  that  religious  inspiration,  far  from 
being  a  matter  of  individual  psychopathology,  is  essentially  a  thera¬ 
peutic  process.  He  further  discovers  that  many  major  cultural  mutations 
have  been  formulated  by  the  religiously  inspired.  As  his  interest  in  the 
subject  deepens,  he  becomes  aware  that  these  religiously  inspired  move¬ 
ments  belong  to  a  large  class  of  events,  called  revitalization  movements, 
that  may  be  defined  as  deliberate,  organized  efforts  by  members  of  a 
society  to  create  a  more  satisfying  culture  (Wallace,  1956).  The  study  of 
the  process  of  religious  inspiration,  particularly  of  the  inspiration  that 
emphasizes  the  need  for  social  or  cultural  as  well  as  individual  reform, 
is  thus  of  central  importance  in  the  analysis  both  of  processes  of  socio¬ 
cultural  change  and  of  individual  therapeutic  reorganization. 

Let  us  examine  a  case  of  religious  inspiration  in  the  context  of  a 
revitalization  movement,  namely,  the  rise  of  the  new  religion  initiated  by 
an  Indian  named  Handsome  Lake  among  the  Seneca  tribe  of  the  Iroquois 
confederacy  of  New  York  State.  Here  we  may  observe  a  typical  example 
of  the  process  of  religious  inspiration  and  its  role  in  the  larger  process 
revitalization.  In  1799,  the  1,000  to  1,500  Seneca  Indians  had  reached 
the  nadir  of  their  fortunes.  Since  1775,  things  had  been  going  badly  for 
them:  they  had  joined  the  British  in  attempting  to  suppress  the  American 
revolutionaries;  General  Sullivan’s  hit-and-run  invaders  in  1779  had 
devastated  many  of  their  villages  and  burned  their  cornfields  and  orchards; 
in  1783,  although  they  had  not  laid  down  their  own  arms,  they  had  found 
themselves  abandoned  by  the  British,  who  made  a  separate  peace  to 
close  the  Revolutionary  War;  in  1784,  their  delegates  at  Fort  Stanwix, 
N.  Y.,  with  others  of  the  Six  Nations,  had  signed  away  the  confederacy’s 
interests  in  land  in  Ohio  and  western  Pennsylvania;  their  own  councils 
soon  split  into  squabbling  factions,  pro-British  versus  pro-American,  pro¬ 
acculturation  versus  conservative;  their  confederates  to  the  east  were 
selling  off  their  lands,  and  their  dependents  to  the  west  were  contemptu¬ 
ous  of  their  policy  of  cooperation  with  Washington;  they  saw,  in  1794 

*Thls  paper  was  presented  at  a  meeting  of  the  Section  on  April  23,  1956. 
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I  and  1795,  American  military  victory  over  the  Ohio  tribes;  and,  finally,  in 
1797,  their  chief  men  succumbed  to  rum,  bribes,  and  blandishments,  and 
sold  the  tribe’s  entire  remaining  domain  west  of  the  Genesee  River,  re¬ 
serving  to  the  Seneca  nation  only  a  series  of  tight  little  reservations, 
soon  to  be  separately  islanded  by  the  tide  of  white  settlement.  The 
survivors  of  this  generation  of  disaster  were  a  pathetic  people:  they 
were  unable  to  take  the  traditional  way  to  self-respect  as  hunters,  warri¬ 
ors,  and  wise  counselors;  they  had  less  than  enough  to  eat;  they  no 
longer  had  the  comfortable  houses  and  mellow  orchards  that  Sullivan 
had  sacked;  they  were  the  objects  of  mingled  hatred,  contempt,  and  pity 
from  their  white  neighbors.  Many  of  them  drank  to  excess,  families 
brawled  among  themselves,  and  mutual  suspicions  of  witchcraft  and 
double-dealing  made  orderly  community  life  difficult.  Minor  prophets 
arose  to  recount  their  visions  and  exhort  the  people  to  virtue  and  virility, 
only  to  subside  into  obscurity  like  bubbles  on  the  surface  of  boiling 
water.  What  made  the  agony  of  the  Seneca  the  more  complete  was  the 
contrast  between  their  present  condition  and  the  glory  of  past  tradition. 
Only  a  generation  before,  they  had  been  the  most  powerful  nation  within 
the  famed  League  of  the  Iroquois,  which  had  destroyed  in  war,  or  made 
dependents  of,  most  of  the  tribes  of  the  present  states  of  Ohio,  New 
York,  Pennsylvania,  and  New  Jersey,  and  for  nearly  60  years  had  been 
able,  by  pursuing  a  policy  of  armed  neutrality,  to  hold  the  balance  of 
power  between  England  and  France  in  North  America.  Now,  however,  the 
dignity  of  their  nation  was  destroyed,  and  they  found  themselves  the 
survivors  of  a  disaster  that  had  almost  annihilated  their  way  of  life. 

A  man  named  Handsome  Lake  (Ganiodaiio)  lived  in  the  Seneca  village 
of  Jenuchshadago,  on  the  Allegheny  River  just  south  of  the  Pennsylvania 
state  line.  He  was  about  54  years  old,  had  served  as  a  warrior  during  the 
campaigns  of  the  Revolutionary  War,  and  was  one  of  the  49  chiefs  who 
constituted  the  Great  Council  of  the  League  of  the  Iroquois.  His  younger 
half  brother  was  Cornplanter,  the  famous  leader  of  a  pro-American 
faction.  Cornplanter,  as  a  reward  for  his  services,  had  been  given,  by 
Pennsylvania,  title  in  fee  simple  to  the  tract  of  land  on  which  Jenuch¬ 
shadago  was  located.  Handsome  Lake,  however,  was  himself  neither 
famous  nor  powerful,  in  spite  of  his  title.  He  was  a  confirmed  drunkard 
who,  by  the  spring  of  1799,  had  almost  drunk  himself  to  death,  and  now 
spent  his  days  bedridden,  brooding  over  the  loss  of  his  wife,  the  death 
of  his  favorite  son,  his  abandonment  by  another  son,  and  the  death  of  a 
favorite  niece  (Cornplanter’s  daughter).  He  felt  that  the  community  was 
being  undermined  by  witches;  he  feared  his  own  imminent  death;  in  his 
drunken  days  he  recklessly  sang  sacred  songs  such  as  the  Ohgiwe,  which 
was  supposed  to  be  sung  only  by  Chanters  for  the  Dead  and,  when  he 
was  sober,  he  worried  over  his  impiety  and  his  sinful  life.  He  was  a  very 
sick  man. 
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In  June  1799,  Handsome  Lake  experienced  the  first  of  a  series  of 
visions  that  were  to  transform  not  only  his  own  life  but  the  lives  of  the 
Seneca  people  and,  indeed,  of  the  Iroquois  generally.  During  a  deathlike 
trance  he  dreamt  that  3  angels  came  down  from  heaven  to  talk  to  him. 
After  explaining  that  his  illness  was  owing  to  the  sin  of  drinking  liquor, 
and  that  the  trouble  with  the  Seneca  as  a  nation  was  that  too  many  of 
them  drank  too  much  and  practiced  witchcraft,  the  angels  assured  him 
that  if  he  gave  up  drink  and  behaved  well  he  would  not  die  that  summer. 
Handsome  Lake  came  out  of  the  trance  while  his  relatives  were  preparing 
him  for  burial.  He  told  them  what  he  had  seen  (by  fortunate  chance,  a 
Quaker  missionary  happened  to  be  living  close  by  and  recorded  a  transla¬ 
tion  of  his  words)  and,  at  Handsome  Lake's  direction,  Cornplanter  as¬ 
sembled  the  people  and  reported  the  vision.  Handsome  Lake  felt  better 
and,  after  a  few  more  visions,  was  able  to  leave  his  bed  and  take  up  the 
mission  to  which  he  felt  he  had  been  appointed.  He  had  many  subsequent 
visions,  preached  vigorously  to  the  Seneca  and  the  other  Iroquois  tribes 
on  their  several  reservations,  and  was  appointed  the  spiritual  and  moral 
censor  of  the  Seneca  nation.  His  disciples  carried  the  “good  word”  to 
other  nations,  and  delegations  came  from  many  westerly  tribes  to  gain 
his  counsel.  Not  long  after  his  death  in  1815,  his  disciples  gathered  at 
Tonawanda,  N.  Y.,  and  put  together  what  they  remembered  of  his  visions, 
sayings,  and  actions.  This  “Code  of  Handsome  Lake,”  the  “Gaiwiio” 
or  Good  Message,  became  the  gospel  of  the  Old  Way  of  Handsome  Lake, 
as  the  new  religion  was  called. 

Handsome  Lake’s  message  was  detailed  and  systematic.  There  were 
extensive  moral  recommendations:  he  was  against  liquor,  dancing,  card 
playing,  and  witchcraft;  he  advised  against  adultery,  wife  beating, 
malicious  gossip,  the  sale  of  land,  the  mistreatment  of  children,  es¬ 
pecially  orphans,  and  he  deprecated  greed  and  stinginess.  He  foresaw 
the  coming  destruction  of  the  world  in  a  holocaust.  The  wicked  were 
destined  for  hell,  where  they  would  be  tortured  by  a  devil  (using  tech¬ 
niques  reminiscent  of  the  ancient  ritual  tortures  by  fire),  and  the  good 
were  destined  for  heaven.  No  white  men  could  get  to  heaven,  and  the 
best  of  all  white  men,  George  Washington,  hung  suspended  at  a  half¬ 
way  house  between  heaven  and  hell.  Handsome  Lake  recommended  that 
some  Seneca  learn  to  read  and  write  the  English  language,  and  that  the 
men  take  up  the  plow,  build  fences,  erect  frame  houses,  and  raise  horses 
and  cattle.  Some  of  the  ancient  religious  rituals  were  to  be  dropped  or 
modified,  others  were  to  be  retained  and  strictly  performed. 

The  sources  of  Handsome  Lake’s  notions  were  undoubtedly  various. 
Some,  like  the  ban  on  liquor,  represent  both  a  traditional  Indian  recogni¬ 
tion  of  the  socially  disintegrating  effects  of  alcohol  and  the  current 
preachments  of  the  3  Quaker  missionaries  who  established  themselves 
along  the  Allegheny  in  1798  and  were  trying,  not  to  convert  the  Seneca 
to  Christianity,  but  to  teach  them  the  “Protestant  ethic’’  (sobriety. 
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industry,  and  dependability),  to  give  the  children  schooling,  and  to 
demonstrate  to  the  adults  the  uses  and  techniques  of  plow-farming, 
spinning  and  weaving,  and  the  care  of  livestock.  Handsome  Lake’s 
recommendations  toward  literacy  and  male  agriculture  (women  being  the 
traditional  corn  gardeners)  were  no  doubt  inspired  both  by  white  example 
and  by  reflection  on  the  practical  necessity  of  cultural  change.  Other 
recommendations  were  revivalistic,  hence  the  name  “Old  Way’’  for  his 
religion.  The  ceremonies,  the  exclusion  of  cards  and  fiddles,  the  moral 
admonitions  and  injunctions  to  generosity,  loyalty,  and  indulgence  of 
children  all  hark  back  to  the  past-as-Utopia.  Witches  were  never  social 
favorites  among  the  Seneca,  but  the  extreme  concern  with  them  at  this 
time  resulted  in  a  number  of  bloody  executions  of  suspected  women.  The 
apocalyptic,  hell-fire,  end-of-the-world  prognostications  would  seem  to 
I  reflect  Seneca  anxiety  over  the  possible  further  disintegration  of  their 
sKiocultural  system. 

The  effect  on  the  Seneca  of  these  preachments  astounced  white  ob¬ 
servers.  Traders,  accustomed  to  use  rum  as  a  lubricant  for  commercial 
transactions,  remarked  in  amazement  that  these  Indians  would  no  longer 
touch  liquor.  They  insisted  on  sugar  water  instead.  Almost  the  whole 
nation  went  dry.  Men,  who  hitherto  had  despised  farming  as  women’s 
work,  took  to  the  plow,  fenced  fields,  amassed  herds  of  cattle  and  pigs, 
and  built  substantial  frame  houses.  Indian  children  went  to  school  by  the 
dozens.  Within  10  years,  with  economic  help  from  Quaker  and  federal 
funds,  the  Seneca  transformed  themselves  from  a  frontier  slum  society  to 
a  vigorous  and  enterprising  nation. 

About  a  generation  after  Handsome  Lake’s  death,  the  Old  Way  of 
Handsome  Lake  was  institutionalized  as  a  “pagan’’  church.  The  gospel 
was  codified,  and  a  formal  ecclesiastical  organization  was  established, 
with  preachers,  the  equivalents  of  deacons  (the  male  and  female  Faith- 
Keepers),  a  sort  of  college  at  Tonawanda  that  licensed  itinerant  preach¬ 
ers,  definable  congregations,  and  church  property  that  consisted  of  a 
longhouse  and  its  appurtenances.  Handsome  Lake  still  has  many  followers 
today  on  the  Iroquois  reservations  in  New  York  and  Ontario  (see  Parker, 
1913;  Deardorff,  1951;  Wallace,  1952a  and  1952b;  and  Voget,  1954,  for 
accounts  of  the  Handsome  Lake  religion). 

The  Problem  of  Changes  in  Individual  Perception 
of  Sociocultural  Systems 

The  major  event  of  religious  inspiration  in  the  case  of  Handsome  Lake 
was  his  second  vision,  on  August  8,  1799.  Handsome  Lake  fell  into  a 
trance  about  7  o’clock  in  the  morning  and  did  not  wake  until  about  3  in 
the  afternoon.  Perceptible  respiration  had  stopped,  and  his  extremities 
were  cold  as  far  as  his  knees  and  elbows.  During  the  8-hour  trance  he 
saw  himself  guided  on  a  tour  of  heaven  and  hell.  He  met  his  departed 
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son  and  niece,  and  they  discussed  the  rights  and  wrongs  of  familial  rela¬ 
tions,  particularly  the  sin  of  disrespect  of  parents  shown  by  their  chil- 
dren.  Handsome  Lake’s  supernatural  Guide  enjoined  him  against  the 
drinking  of  liquor  and  against  attendance  at  any  social  “frolicks  and 
dancing”  at  which  liquor  was  used,  and  he  revealed  that  the  Evil  Spirit 
was  the  promoter  of  the  liquor  traffic  among  the  Seneca.  The  Indians,  he 
said,  must  abstain.  On  the  subject  of  acculturation,  the  Guide  said  that 
‘‘White  people  were  come  into  their  Towns  to  instruct  their  Children,  and 
that  is  right  if  they  can  all  agree  to  it,  but  many  of  them  are  not  willing, 
but  will  keep  to  their  old  habits  of  living,  well  that  may  be  right  too,  but 
if  they  do  they  must  not  drink  Wisky  for  that  belongs  to  White  people,  and 
was  not  made  for  Indians.”  The  people  must  make  some  religious  re¬ 
forms:  the  concept  of  the  Great  Spirit  had  to  include  the  notion  that  He 
‘‘sees  &  knows  all  things  and  nothing  is  hid  from  Him”;  the  White  Dog 
had  to  be  burned  to  forestall  pestilence;  dreams  had  to  be  analyzed  more 
carefully  to  make  sure  they  were  not  inspired  by  the  Evil  Spirit;  and  the 
Worship  Dance  was  to  be  the  most  sacred  of  ceremonies.  As  for  Handsome 
Lake  himself,  if  he  behaved  well,  he  would  live  until  one  half  of  the 
hairs  of  his  head  had  turned  gray.  Next  day  the  local  Quaker  missionary 
visited  Handsome  Lake  to  record  his  visions,  and  he  noted  incidentally  ! 
that  he  ‘‘had  then  much  recover’d  of  his  sickness. Handsome  Lake  j 
thereafter  went  on  vigorously  to  preach  these  revelations  as  part  of  his 
gospel  (Wallace  1952b).  '  | 

Three  characteristics  of  this  event  of  religious  inspiration  (which  is,  I 
in  my  judgment,  typical  of  the  prophetic  revelation)  are  noteworthy: 

(1)  the  change  it  produced  in  the  visionary’s  perception  of  the  world; 

(2)  its  suddenness  and  briefness  in  time;  and  (3)  the  unusual  physiologi¬ 
cal  status  of  the  individual  experiencing  it. 

Let  us  examine  first  the  change  in  perception  (perception  may  be  ' 
defined  for  our  purposes  as  the  process  by  which  the  coded  messages 
from  receptor  organs  are  translated  into  statements  about  the  condition 
of  self  and  environment).  The  more  closely  one  examines  this  vision 
and  the  others  that  preceded  and  followed  it,  the  more  apparent  it  be¬ 
comes  that  the  perceptual  changes  that  occurred  during  the  hours  of  in¬ 
spiration  constituted  a  reorganization  of  the  system  of  translation  of 
sensory  data.  Some  new  objects  were  perceived,  such  as  the  angels  in 
his  first  vision  and,  later,  the  Guide.  The  major  shift  lay,  however,  in 
the  divestment  from  some  familiar  objects  of  previously  associated 
characteristics,  and  the  addition  of  characteristics  to  other  familiar  ob¬ 
jects.  These  divestments  and  additions  were  expressed  in  terms  of 
associated  good  or  bad  consequences,  that  is,  in  terms  of  the  functional 
relation  conceived  to  exist  between  and  among  objects.  Actually,  2 
distinct  sociocultural  systems  were  represented  in  the  postrevelation 
scheme:  a  good  system,  consisting  of  the  Great  Spirit  and  other  benevo¬ 
lent  supernaturals  and  of  people  who  did  not  drink,  practice  witchcraft, 
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or  commit  various  other  sins,  and  a  bad  system,  consisting  of  the  Evil 
Spirit,  drunkards,  witches,  and  persons  who  do  various  sinful  acts.  Ob¬ 
jects  were  perceived  and  acted  toward  in  accordance  with  their  member¬ 
ship  in  one  or  the  other  system.  Handsome  Lake’s  mission  in  life  was 
to  destroy,  or  modify,  objects  belonging  to  the  bad  system,  and  to  bring 
into  dominance  the  good  system. 

How  can  such  systematic  changes  in  perception  of  a  sociocultural 
system  have  come  to  pass?  We  are  accustomed  to  recognize  perceptual 
reorganization  as  a  result  of  accumulating  new  data,  that  is,  by  learning. 
In  the  case  of  Handsome  Lake,  however,  we  can  be  reasonably  certain 
that  Seneca  society  did  not  change  during  his  8-hour  trance  and,  even  if 
it  had,  he  could  not  have  been  aware  of  it.  Hence  we  must  postulate 
some  process  as  having  occurred  within  his  brain,  a  process  that  pro¬ 
duced  fundamental  changes  in  his  system  of  perceptual  organization 
during  the  space  of  8  hours. 


The  Mazeway 

In  the  act  of  perception,  not  only  the  stimulus  but  also  the  perceiver 
determine  the  perception  itself.  Consequently,  different  perceivers,  in 
the  presence  of  the  same  stimulus,  report  different  perceptions.  Intro- 
spectively,  we  can  identify  at  any  point  in  time  what  may  be  called 
cqgnitive  residues  of  previous  perceptions  that  determine  what  we  are 
able  to  perceive  in  any  following  instance.  I  am  not  referring  to  specific 
memory  traces  but  to  those  assemblages  of  memories  that  summarize, 
rather  like  statistical  distribution  charts,  the  frequencies  of  perception 
of  discriminable  patterns  (including  patterns  of  association)  in  the 
sensory  data,  and  define  normal  values.  These  cognitive  residues  of 
perception  are  thus  really  generalizations  about  the  ways  in  which 
sensory  data  distribute  themselves,  and  these  generalizations  are  inter¬ 
related  in  a  complex  but  systematic  way. 

Since  every  individual’s  course  of  experience  is  unique,  every  human 
brain  contains,  at  a  given  point  of  time,  as  a  product  of  this  experience, 
a  unique  organization  of  generalizations.  The  total  complex  of  generali¬ 
zations  about  the  body  in  which  the  brain  is  housed,  various  other  sur¬ 
rounding  things,  and  sometimes  even  the  brain  itself,  is  the  “mazeway.” 
Its  content  consists  of  an  extremely  large  number  of  assemblages,  or 
cognitive  residues  of  perception.  It  is  used  by  its  holder  as  a  true  and 
more  or  less  complete  representation  of  the  operating  characteristics  of 
a  “real”  world. 

The  mazeway  may  be  compared  to  a  map  of  a  gigantic  maze.  On  this 
map  are  represented  3  types  of  assemblage:  (1)  goals  and  pitfalls  (values, 
or  desirable  and  undesirable  end  states);  (2)  the  “self”  and  other  ob¬ 
jects  (people,  other  organisms,  and  things);  and  (3)  ways  (processes, 
techniques,  and  relations)  that  may  be  circumvented  or  used,  according 
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to  their  characteristics,  to  facilitate  the  self’s  attainment  or  avoidance 
of  values.  These  elements  can  be  combined  in  an  almost  infinite  variety 
of  imagined  action  sequences. 

The  concept  of  mazeway  thus  embraces,  in  one  field,  several  phenome¬ 
na  already  generally  recognized  in  the  literature:  the  “body  image" 
(Schilder,  1935),  “role,”  “self,”  “the  other,”  “generalized  other" 
(Mead,  1934),  “behavioral  environment”  (Hallowell,  1955),  “world  view" 
(Redfield,  1953).  It  is  reminiscent  of  Tolman’s  “cognitive  maps”  (Tol- 
man,  1949)  and  of  the  topological  concept  of  “life  space.”  Within  this 
field,  self  and  nonself  interact  according  to  predictable,  if  more  or  less 
idiosyncratic,  “laws.” 

Organization  and  Function  ot  the  Mazeway 

The  basic  function  of  the  mazeway  is  to  give  meaning  to  messages,  to 
relate  incoming  sensory  data  to  the  whole  complex  of  objects,  values, 
and  techniques  that  is  the  mazeway,  so  that  action  may  be  taken  that 
can  be  expected  to  reduce  stress  or  maximize  pleasure  not  merely  in  the 
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presenting  situation  but  within  the  great  maze  of  situations  that  the 
mazeway  represents. 

The  mazeway  must  therefore  have  fairly  high  levels  of  internal  com¬ 
munication,  of  internal  consistency,  and  of  correspondence  with  reality. 

In  regard  to  communication,  the  representation  of  any  given  sequence 
of  action  should  lead  to  the  representation  of  the  effects  of  implementing 
this  sequence  on  other  possible  sequences.  In  other  words,  the  mazeway 
must  answer  the  question,  “What  effect  will  pursuit  of  sequence  A  have 
on  sequences  B,  C,  D  ...N?”  Variation  in  adequacy  of  communication 
is  evidently  possible,  and  the  larger  the  proportion  of  possible  sequences 
predictably  related  to  any  contemplated  sequence,  the  higher  the  level  of 
communication.  Failures  of  communication  would  seem  to  lead  to  the 
phenomena  of  dissociation  and  the  unconscious. 

A  mazeway  may  be  more  or  less  internally  consistent.  Implementation 
of  sequence  A,  in  imagination,  may  evoke  representations  of  consequent 
facilitation  or  blockage  of  sequences  B,  C,  D,  ...  N.  Blockage  is  normal¬ 
ly  avoided  by  some  sort  of  priority  system  that  arranges  a  hierarchy  of 
values  and  provides  for  substitute  values,  techniques,  and  objects,  in 
the  absence  of  an  adequate  priority  and  substitution  system,  the  internal 
contradictions  of  the  mazeway  make  decision  making  difficult  or  im¬ 
possible  in  many  areas.  Consistency  is  also  variable,  and  the  lower  the 
probability  that  sequence  A  will  contradict  possible  sequences  B,  C,  D, 
...  N,  the  higher  the  degree  of  consistency. 

The  third  desideratum  is  correspondence  with  reality.  This,  too,  is 
variable.  Any  mazeway  will  make  wrong  predictions  on  occasion.  To 
judge  from  the  reluctance  of  individuals  to  change  their  “ideas”  even 
when  they  are  demonstrably  “wrong,”  individuals  tend  to  prefer  to 
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maintain  an  intact  mazeway  in  spite  of  a  certain  amount  of  negative  feed¬ 
back,  that  is,  failure  to  achieve  values,  rather  than  to  make  changes.  A 
possible  explanation  is  that  a  local  change  in  the  mazeway,  even  though 
it  promises  in  some  situations  to  reduce  negative  feedback,  could  reduce 
the  level  of  communication  and  consistency  by  introducing  new  and 
contradictory  assemblages,  thus  making  the  process  of  prediction  more 
difficult  and  the  likelihood  of  conflict  and  blockage  more  serious. 

It  is  implicit  in  the  foregoing  remarks,  and  should  now  be  argued 
explicitly,  that  the  higher  the  degree  of  order  in  the  mazeway  system, 
as  it  was  defined  basically  by  communication  and  consistency  levels, 
the  lower  the  level  of  chronic  stress,  because  the  rate  of  experience  of 
uncertainty,  conflict,  or  error,  as  the  response  to  stimuli,  will  be  cor¬ 
respondingly  lower.  Noncorrespondence  with  reality,  however,  will  lead 
to  stress,  immediately  by  way  of  error  in  some  matters,  and  eventually 
by  the  introduction  of  inconsistent  cognitive  residues. 

Pathological  Disorder  of  the  Mazeway 

The  normal  process  of  individual  maturation  and  extension  of  ex¬ 
perience  requires  that  every  organism’s  mazeway  undergo  gradual  and 
intermittent  change  in  order  to  maintain  sufficient  correspondence  with 
reality  to  make  useful  predictions.  True  “extinction”  of  mazeway  ele¬ 
ments  seems  to  occur  only  with  difficulty,  however,  so  the  individual 
tends  to  accumulate  an  increasing  quantity  of  mutually  inconsistent 
mazeway  elements  and  areas,  some  of  which  must  be  bypassed  in  the 
communication  processes,  or  be  “repressed,”  to  use  the  psychoanalytic 
term,  in  order  to  reduce  the  probability  of  conflict.  Most  normal  individu¬ 
als,  as  the  mazeway  becomes  more  complex,  develop  increasingly  general 
protocols  (“religious  belief  ”  and  “philosophy  of  life”  are  such  protocols) 
to  enable  them  to  handle  the  dilemma  of  repression  versus  inconsistency. 

Sometimes,  however,  mazeway  development  remains  or  becomes  in¬ 
adequate.  Inadequacy  is  possible  in  3  dimensions:  (1)  internal  lack  of 
communication,  (2)  internal  inconsistency,  and  (3)  lack  of  correspondence 
with  reality.  Although  the  conventional  diagnostic  categories  are  fuzzy 
of  definition,  it  would  seem  that  the  classic  distinctions  among  psycho¬ 
sis,  neurosis,  and  reactive  disorder  roughly  correspond  with  these  3 
types  of  mazeway  inadequacy. 

Pseudoneurotic  and  pseudopsychotic  mazeway  disorders  can  be  seen 
in  certain  persons.  Important  elements  or  areas  of  these  individuals’ 
mazeways  are  suddenly  revealed  as  inconsistent  with  the  “real”  world. 
Thus  a  bereaved  person  sees  suddenly  that  an  important  mazeway  ele¬ 
ment  no  longer  has  a  corresponding  “real”  figure;  the  victim  of  a  dis¬ 
aster  perceives  that  a  large  section  of  the  material  and  human  objects 
of  his  environment  have  been  destroyed  or  rendered  inoperative;  the  dis¬ 
illusioned  member  of  a  society  realizes  that  the  sociocultural  system 
no  longer  does,  or  perhaps  never  did,  operate  according  to  the  principles 
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which  his  mazeway  assigned  to  it.  Such  individuals  often  respond  in¬ 
itially  to  disappointment  as  if  the  “whole  world,”  that  is,  the  whole 
mazeway,  had  been  destroyed,  and  may  temporarily  display  the  same 
blocked  or  unsystematic  behavior  characteristic  of  chronic  neurotics 
c.nd  psychotics.  Normally,  however,  in  persons  suffering  from  such 
primarily  reactive  disorders,  the  mazeway  is  reconstituted,  incorporating 
i.ew  cognitive  residues  based  on  the  new  information,  and  employing 
various  devices  to  restore  system  and  consistency.  Unless  this  can  be  | 
done,  mental  chaos  remains,  for  the  presence  of  contradictory  learned  i 
generalizations  makes  orderly  behavior  impossible.  | 

All  human  beings,  however,  and  not  merely  unfortunate  victims  of  j 
catastrophe,  from  time  to  time  experience  the  impact  of  new  information  ! 
that  reveals  discrepancies  between  mazeway  and  reality,  thereby  in-  ! 
creasing  mazeway  inconsistency.  Many  of  these  day-to-day  experiences  I 
are  serious  enough  to  arouse  anxiety  and  to  threaten  temporarily  the  | 
integrity  of  the  mazeway.  Mental  health  thus  requires  a  constant  ex-  | 
penditure  of  energy  to  resist  the  tendency  toward  increase  of  disorder,  ~ 
as  measured  by  frequency  of  conflict  or  repression,  in  the  mazeway  i 
system.  One  can  speculate  that  there  may  also  be  a  purely  physical  | 
“leakage”  that  tends  to  increase  disorder  even  in  the  absence  of  new  t 
sensory  input.  A  considerable  part  of  the  average  human’s  day’s  energy  | 
is  probably  spent  in  more  or  less  deliberate  mazeway  maintenance:  I 
checking  remembered  sensory  data  to  be  sure  that  mazeway  generalize-  | 
tions  approximately  agree  with  the  evidence,  checking  the  mazeway  it¬ 
self  for  internal  consistency,  working  out  formulas  to  resolve  incon¬ 
sistencies,  and  ensuring  that  communication  is  at  an  adequate  level  by 
checking  to  see  that  “factors”  have  not  been  left  out  of  account.  The 
brain,  a  problem-solving  organ,  works  hard  to  ensure  that  the  mazeway-  | 
its  archive  of  problem  solutions— is  internally  communicating,  consistent, 
and  realistic. 

A  special  problem  exists  in  the  case  of  people  who,  without  necessari¬ 
ly  having  been  exposed  to  intolerable  catastrophes  of  bereavement,  dis¬ 
aster,  or  disillusionment,  suffer  from  gradually  increasing  mazeway  dis¬ 
order.  In  these  chronic  mental  invalids,  the  brain  fails  in  its  task  of 
maintaining  order  in  the  mazeway.  It  may  be  argued  that  it  is  a  physio¬ 
logical  deficit  of  some  kind  that  is  the  necessary  and  sufficient  cause 
of  this  kind  of  chronic  mental  disorder,  a  deficit  that  interferes  with  the 
normal  process  of  mazeway  repair  and  resynthesis.  Traumatic  experience, 
in  this  view,  would  be  traumatic  only  to  the  extent  that  the  organism  was 
unable  to  reduce  the  disorder  increase  resulting  from  the  entrance  of  in-  i 
consistent  learning  into  the  system  and,  possibly,  from  internal  leakage.  ) 
Variation  in  the  incidence  of  trauma  would  account  only  for  minor  varia-  . 
tions  in  incidence  of  chronic  mental  disorder,  although  it  would  account  [ 
for  major  variations  in  the  incidence  of  reactive  disorders.  There  is  some  f 
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evidence,  in  such  sources  as  Kallman’s  twin  studies  (Kallman,  1948) 
and  in  the  studies  by  Selye,  Hoagland,  and  others  of  adrenocortical 
function  (Hoagland,  1949  and  1950;  Hoagland  et  al.,  1950;  Selye  and 
Fortier,  1950),  to  support  the  theory  that  a  fundamental  variable  in  chronic 
mental  disorder  is  neither  situational  nor  historical  but  physiological, 
although  situational  and  social  factors  determine  the  “content”  of  the 
disorder  by  posing  perceptual  inconsistencies,  the  failure  to  resolve 
which  predipitates  the  collapse  of  the  mazeway. 

Regarded  from  this  point  of  view,  “paranoid”  system  building  of  all 
kinds,  including  “normal”  participation  in  conventional  paranoid  systems, 
religious  and  political,  the  idiosyncratic  systems  of  institutionalized 
psychotics,  and  the  revitalization  systems  of  prophets  (Wallace,  1956), 
is  an  effort  to  reestablish  communication  and  consistency  in  a  disordered 
mazeway.  The  “falsity”  of  any  paranoid  system  is  a  matter  of  degree, 
all  mazeways  being  “false”  in  the  sense  of  not  being  completely  true 
and  complete  representations  of  reality,  and  of  convention,  since  it  is 
only  the  unconventional  mazeway  that  is  recognized  as  false.  All  maze- 
ways  are  compromises  between  the  demands  of  reality  representation,  on 
the  one  hand,  and  of  internal  order  and  consistency  on  the  other.  The 
“paranoid”  mazeway  simply  sacrifices  so  much  reality  representation  in 
the  interest  of  preserving  internal  communication  and  consistency  that 
“normal”  persons  recognize  the  mazeway  as  “unrealistic.”  Hence  the 
paranoid  process  and  the  process  of  mental  disorder  are  to  be  regarded 
as  opposed  in  an  almost  dialectical  sense:  the  disease  process  is  the 
process  of  order  decrease,  the  paranoid  process  is  the  process  of  order 
inaease. 


Mazeway  Resynthesis  in  Religious  Prophets 

Let  us  return  now  to  our  original  problem,  the  understanding  of  religious 
inspiration  in  prophets.  When  one  examines  the  lives  of  prophets,  one 
finds  that  many  of  them  are  reported  to  have  been,  in  various  ways  and 
degrees,  sick  persons.  They  display,  prior  to  their  revitalization  ex¬ 
perience,  such  symptoms  as  depression,  extreme  sense  of  guilt,  in¬ 
activity,  alcoholic  addiction,  and  various  somatic  illnesses.  They  may 
complain  of  the  pressures  of  bereavement,  of  failure  in  career,  of  un¬ 
congenial  social  demands,  although  their  personal  difficulties  seem  no 
different  from  those  of  others  who  are  not  ill.  They  are  people  of  whom 
it  can  be  fairly  said  that  they  suffer  severe  stress  and  that  they  show 
evidence  of  mazeway  disorder.  Following  the  mazeway  resynthesis,  that 
is,  the  experience  of  religious  inspiration,  they  display  a  remission  of 
symptoms  of  distress.  The  process  of  mazeway  resynthesis,  then,  seems 
to  have  the  function  of  restoring  an  internal  biopsychic  equilibrium.  It 
is,  in  a  word,  an  autotherapeutic  process  that  reduces  stress. 

The  stress  from  which  prophets  suffer,  it  is  important  to  emphasize. 
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is  a  function  not  of  the  specific  content,  but  of  the  degree  of  disorder  of 
the  mazeway.  The  mazeway  order  level— as  measured,  let  us  say,  by  the 
probability  of  finding  nonambivalent  objects  in  it— is  a  function  d  the 
order  level  of  the  environment.  Any  person  living  in  a  society  that  is,  in 
reality,  in  a  state  of  high  disorder,  will  most  probably,  unless  he  under¬ 
takes  a  mazeway  resynthesis,  have  a  correspondingly  high  level  of  dis¬ 
order  in  his  own  mazeway.  This  high  level  of  disorder  will  elicit  the 
symptoms  of  stress  because  stimuli  will  be  constantly  evoking  uncer¬ 
tainty  and  conflict.  Hence  we  may  expect  that  disorganized  societies 
will  contain  many  persons  suffering  from  rather  severe  stress,  for  whom 
unusually  severe  personal  danger  or  past  trauma  may  be  difficult  to 
demonstrate.  Prophets  generally  emerge  in  societies  that  are  extremely 
disorganized,  and  their  prophecies  deal  with  reform.  The  concern  for 
social  reform  during  mazeway  resynthesis  is  the  direct  expression  of  a 
“striving”  for  mazeway  order. 

The  relationship  between  stress  and  mazeway  resynthesis,  however, 
is  not  to  be  conceived  as  a  simple  motivational  one  in  which  stress  is 
a  cue  indicating  that  mazeway  resynthesis  is  necessary.  The  process  is 
somewhat  more  complex,  with  stress  playing  a  trigger  role.  Chronic  stress 
mobilizes  the  general-adaptation  syndrome,  which  stabilizes  on  the  stage 
of  resistance,  to  use  Selye’s  terminology.  This  relative  stabilization 
may  persist  for  years,  but  the  prophet  is  anxious,  his  bodily  system 
begins  to  show  signs  of  psychosomatic  wear  and  tear,  and  his  behavior 
first  becomes  rigid,  then  neurotic  and/or  regressive,  setting  up  a  slowly 
descending  spiral.  The  critical  point  is  reached  when  the  psychosomatic 
disorganization  becomes  so  severe  that  the  physicochemical  milieu  for 
resynthesis  is  automatically  established  and,  at  this  point,  the  con¬ 
vulsive  effort  to  redesign  the  mazeway  takes  place.  When  the  prophet  is 
close  to  this  point,  any  temporary— and  often  irrelevant— increase  in 
stress  may  precipitate  the  reaction.  Such  an  increase  could  be  caused 
by  disease,  bereavement,  hunger  and  thirst,  or  the  “end  phenomenon," 
so  called,  after  escape  from  a  danger.  The  fact  that  the  resynthesis 
occurs  in  a  hallucinatory  form  very  possibly  may  have  something  to  do 
with  associated  changes  in  adrenalin  metabolism.  Adrenochrome,  a 
deteriorated  form  of  adrenalin  thought  to  be  produced  by  the  body  in  the 
process  of  its  detoxification,  is  a  hallucinogenic  agent.  Certain  normal 
persons  respond  to  clinical  administration  of  adrenalin  with  hallucinatory 
episodes  (Hoffer,  Osmond,  and  Smythies,  1954).  The  hallucinatory 
nature  of  the  experience  may  thus  be  an  incidental  attribute  or  psycho- 
physiological  by-product  of  extreme  stress,  and  its  psychopathological 
significance  may  be  greatly  overemphasized  (Boisen,  1936). 

The  therapeutic  resynthesis  that  occurs  during  the  experience  of  re¬ 
ligious  inspiration  would  seem  to  be  best  described  as  a  sorting  process. 
Cognitive  residues  or  assemblages  are  subjected  to  an  extremely  rapid 
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scanning  procedure,  involving  checking  through  a  very  large  number  of 
permutations,  combinations,  and  identifying  ambivalences.  As  we  ob- 
seived  earlier,  the  mazeway  assemblages  of  a  prophet  under  stress  are 
characterized  by  a  high  degree  of  ambivalence.  That  is  to  say,  many  ob¬ 
jects  and  techniques  are  associated  with  2  equally  possible  but  opposed 
value  connotations.  Putting  this  in  another  way,  at  many  points  the  maze¬ 
way  splits,  with  a  single  assemblage  being  parts  of  2  incompatible  local 
systems.  Thus  liquor,  for  Handsome  Lake,  was  part  of  systems  of  be¬ 
havior  leading  both  to  gratification  and  to  punishment.  The  first  task  of 
resynthesis  seems  to  be  the  breaking  up  of  many  such  local  ambivalent 
systems  by  damping  either  “good”  or  “bad”  value  connotations.  In 
Handsome  Lake’s  case  this  was  done  by  leaving  an  object  such  as 
liquor  with  only  a  “bad”  connotation.  The  second  task  is  the  forging  of 
new  associative  links  between  the  now-monovalent  local  systems,  so  as 
to  make  2  more  or  less  self-contained  “good”  and  “bad”  systems.  In 
this  second  task,  certain  assemblages  collect  into  new  groupings  that 
amount  to  the  postulation  of  the  existence  of  supernatural  beings  or  of 
different  frequencies  or  degrees  of  importance  of  familiar  objects  and 
techniques.  We  can,  I  think,  dispense  with  the  notion  of  a  central  ego 
that  is  controlling  these  processes  of  organization.  Hypothetically,  this 
sorting  and  organizing  could  proceed  automatically  on  the  basis  of 
association  if  one  assumes  a  factor  that  destroys  ambivalent  linkages. 
This  factor,  if  we  may  speculate  further,  may  be  a  physiological  one 
associated  with  the  stage  of  exhaustion  of  the  general  adaptation  syn¬ 
drome. 


Summary 

The  mazeway  is  the  brain’s  organized  and  codified  archive  of  cognitive 
residues  of  perception  bearing  on  the  characteristics  of  the  extrabodily 
environment,  the  body  itself,  techniques,  and  values.  The  mazeway  thus 
contains  the  individual’s  perception  of  the  sociocultu«'al  and  natural 
system  of  which  he  is  a  part,  and  the  mazeway  determines  his  behavior 
in  it. 

When  the  mazeway  is  in  a  state  of  disorder,  as  defined  by  low  levels 
of  communication  and  consistency,  the  individual  experiences  stress. 
The  process  of  mazeway  resynthesis,  with  physiological  mechanisms 
probably  playing  a  facilitating  role,  reestablishes  order  by  sorting  as¬ 
semblages  into  2  or  more  systems  on  the  criterion  of  goodness  or  bad¬ 
ness.  This  reduces  ambivalence  and  conflict,  but  necessarily  involves 
a  change  in  the  individual’s  perception  not  only  of  himself  but  also  of 
the  environment,  and  it  may  involve  his  taking  action  to  ensure  cor¬ 
respondence  between  the  new  mazeway  and  reality. 

Research  is  necessary  to  justify  empirically  the  speculative  con¬ 
ceptions  presented  here.  We  are  in  quest  of  an  adequate  theory  of  social 
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perception  that  will  take  into  account  the  way  in  which  individuals  per¬ 
ceive  sociocultural  systems.  The  writer  believes  that  the  mazeway  con¬ 
cept  will  facilitate  the  formulation  of  hypotheses  subject  to  testing  in 
this  area. 
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DIVISION  OF  MYCOLOGY 
THE  ROLE  OF  ANIMALS  AS  VECTORS  OF 
HUMAN  FUNGUS  DISEASES* 

By  Lucille  K.  Georg 

Mycology  Laboratory,  Communicable  Disease  Center,  United  States  Department 
of  Health,  Education,  and  M'elfare,  Public  Health  Service,  Chamblee,  Ga. 

Both  wild  and  domesticated  animals  suffer  from  many  of  the  systemic, 
subcutaneous,  and  cutaneous  mycotic  infections  that  plague  man.  The 
question  is  often  raised  as  to  whether  animals  play  a  role  in  the  trans¬ 
mission  of  these  diseases  to  man. 

In  the  case  of  the  systemic  mycoses  such  as  histoplasmosis,  coccidi¬ 
oidomycosis,  nocardiosis,  and  cryptococcosis  there  is  now  ample  evi- 
dence^  that  the  causitive  fungi  exist  as  saprophytes  in  nature,  and  that 
infection  occurs  in  both  animals  and  humans.  In  most  instances  these 
infections  have  a  primary  pulmonary  focus.  This  suggests  that  infection 
in  general  occurs  through  the  inhalation  of  fungus  elements. 

Although  viable  fungal  cells  are  present  in  the  sputum,  urine,  feces, 
and  other  body  discharges  of  patients  with  active  infections,  there  is  no 
conclusive  evidence  of  either  direct  or  indirect  transmission  of  systemic 
fungus  diseases  from  1  host  to  another.  Actual  attempts  to  demonstrate 
transmission  of  histoplasmosis  by  contact  of  healthy  mice  with  mice 
experimentally  infected  with  Histoplasma  capsulatum  by  Schwarz  et  al.^ 
have  failed.  The  healthy  mice  were  exposed  to  heavily  infected  animals 
I  and  to  their  urine  and  feces  for  periods  of  time  up  to  3  months,  but  no 
transmission  occurred.  It  is  possible,  of  course,  to  transmit  such  in¬ 
fections  by  direct  inoculation  of  infective  materials  into  the  healthy 
tissues  of  another  host,  and  several  such  instances  have  occurred  by 
accident,  notably  during  autopsy  procedures. Certainly  animals  with 
active  infections  should  not  be  allowed  close  contact  with  humans,  and 
contaminated  discharges  from  draining  sinuses  or  skin  lesions  should  be 
disinfected  or  destroyed. 

In  the  subcutaneous  types  of  fungus  disease  such  as  sporotrichosis, 
again  the  fungus  agent  is  found  in  nature.  Here  infections  of  man  and 
'  animals  commonly  occur  following  contamination  of  wounds  and  minor 
skin  abrasions.  The  lesions  in  these  infections  are  often  open  and, 
theoretically,  contact  transmission  might  be  expected.  Deliberate  in¬ 
oculation  into  healthy  tissues,  however,  appears  to  be  necessary  for 
this  to  occur.  Only  1  case  of  transmission  of  sporotrichosis  from  animals 
to  man  has  been  recorded.®  This  occurred  in  a  veterinarian  who  was 
operating  on  a  mule  suffering  from  sporotrichosis. 

It  is  only  in  the  cutaneous  mycoses,  or  ringworm  infections,  that  clear- 

*Thia  paper,  illustrated  with  lantern  aUdes,  was  presented  at  a  meeting  of  the  Section 
held  on  April  27,  1956. 
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cut  evidence  exists  as  to  the  role  played  by  animals  as  vectors  of  fungus 
disease.  Although  this  evidence  is  limited  to  certain  of  the  dermato¬ 
phytes,  ringworm  contracted  from  animals  does  constitute  an  important 
public  health  problem,  and  I  should  like  to  discuss  this  problem  in  detail. 

Until  recently  we  have  had  little  knowledge  of  the  prevalence  of  ring- 
worm  infections  in  animals  and  little  information  regarding  the  frequency 
of  transmission  of  these  infections  to  humans.  In  the  past  few  years, 
however,  several  epidemiological  studies  and  surveys  have  thrown  con¬ 
siderable  light  on  the  subject.  Ainsworth  and  Austwick^  as  well  as 
LaTouche^  have  begun  systematic  studies  of  this  problem  in  England. 
The  Mycology  Unit  in  cooperation  with  the  Veterinary  Section  of  the  Com¬ 
municable  Disease  Center,  United  States  Public  Health  Service,  Chamblee, 
Ga.,  has  been  conducting  a  survey  of  ringworm  of  animals  in  the  United 
States.^  To  date,  the  results  of  these  studies  have  been  similar,  and 
they  have  pointed  up  the  importance  of  accurate  diagnosis  by  cultural 
methods  as  well  as  the  need  for  better  methods  of  treatment  and  control. 

In  the  survey  conducted  by  the  Communicable  Disease  Center  the  use 
of  cycloheximide  medium,^  a  selective  medium  that  inhibits  the  growth 
of  bacteria  and  saprophytic  fungi,  has  greatly  aided  in  the  isolation  of 
dermatophytes  from  animal  skin  and  hair  samples.  The  results  of  out 
animal  survey  and  those  of  other  workers  can  be  presented  best  by  dis¬ 
cussing  each  of  the  important  dermatophyte  species  that  infect  animals. 

(1)  Microspoaxm  canis  {M.  felineum,  M.  equinum,  M.  lanosum).  This 
fungus  is  the  common  cause  of  ringworm  in  cats  and  dogs  in  the  United 
States  and  elsewhere  in  the  world.  Epidemiological  studies  such  as  those 
carried  out  by  Marples^°  in  New  Zealand,  Mancy^^  in  Australia,  La- 
Touche^  in  England,  and  Saunders^  in  New  York  State  have  traced  out¬ 
breaks  of  human  M.  canis  infections  to  cats  or  dogs.  Although  infections 
may  be  transmitted  among  humans,  and  although  small  family  outbreaks 
do  occur,  the  disease  never  becomes  epidemic.  It  is  interesting  to  note 
that  this  type  of  animal-acquired  ringworm  appears  to  be  an  urban  rather 
than  a  rural  problem.  The  cat  appears  to  be  the  most  important  animal 
in- the  transmission  of  M.  canis.  To  date  we  have  obtained  184  isolates 
of  M.  canis  from  the  following  animals:  116  cats  (including  40  infected 
animals  in  1  breeding  establishment),  61  dogs,  1  chinchilla,  and  6 
monkeys.  Ainswprth  and  Austwick^  have  isolated  this  fungus  from 
horses. 

In  animals  as  in  humans,  the  young  are  more  susceptible  than  adults 
to  infections  by  M,  canis.  Detection  of  M.  canis  infections  is  greatly 
facilitated  by  the  fact  that  infected  hairs  usually  fluoresce  brightly 
under  a  Wood’s  lamp  when  examined  in  a  darkened  room.  It  was  soon 
learned  in  our  survey,  however,  that  the  presence  of  fluorescing  hairs 
cannot  be  depended  upon  as  a  criterion  of  infection.  Of  82  cat-hair 
specimens  from  which  M.  canis  had  been  isolated,  only  26,  or  32  per* 
cent,  fluoresced. 
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(In  the  kitten,  lesions  may  be  quite  extensive,  with  scattered  loss  of 
hair  and  scaling  of  the  skin  over  the  entire  body.  In  the  adult  cat,  lesions 
are  less  obvious  or  completely  inapparent.  Loss  of  hair  along  the  edges 
of  the  ears  or  in  scattered  areas  over  the  face  or  paws  may  be  the  only 
evidence  of  infection.  LaTouche*^  has  reported  nail  infections,  or 
onychomycosis,  in  cats  infected  by  M.  cants. 

In  the  dog,  M.  cams  infections  are  usually  more  apparent.  Loss  of 
hair  and  the  development  of  heavy  crusts  frequently  occur. 

U.  cams  is  apparently  an  important  cause  of  ringworm  in  horses.  To 
date  we  have  not  isolated  this  fungus  from  horses.  We  were  fortunate, 
however,  in  being  able  to  study  both  clinical  materials  and  recently 
isolated  cultures  from  a  number  of  the  equine  cases  observed  by  Ainsworth 
and  Austwick^  in  the  survey  being  conducted  in  England. 

In  all  the  cases  of  M.  cants  infections,  when  infected  hairs  were 
available  for  study,  the  manner  of  hair  invasion  was  typical.  The  in* 
vasion  was  of  the  ectothrix  type,  which  is  characterized  by  the  develop¬ 
ment  of  an  ectothrix  mosiac  made  up  of  very  small  spores.  These 
arthrospores  measured  from  2  to  3  p. 

Although  a  number  of  cases  of  human  M.  canis  infections  have  been 
traced  to  horses  and  dogs,  the  main  source  of  infection  in  man  would 
appear  to  be  cats.  In  a  recent  review  of  64  feline  cases  observed  in  this 
sunrey^^  there  was  a  history  of  human  lesions  in  64  per  cent  of  the 
owner  families.  One  outbreak  in  Georgia,  which  stemmed  from  contact 
with  a  month-old  stray  kitten,  apparently  caused  16  human  cases  among 
8  families. 

It  would  appear  that  control  of  M.  canis  ringworm  in  the  cat  is  basic 
to  the  prevention  of  human  infection.  This  could  only  be  achieved  by 
accurate  diagnosis  by  veterinarians,  inspection  and  regulation  of  cat¬ 
breeding  establishments,  and  elimination  of  strays. 

(2)  liter  os  potutn  gypsetttn  (M.  fulvitm,  Achorion  gypseum).  M.  gypsettm 
infections  of  animals  have  not  been  recorded  frequently  in  the  past.  A 
review  of  the  literature  by  Ajello^’  indicated  that  until  1935  only  61 
such  reports  had  been  published.  This  suggested  that  M.  gypseum  in¬ 
fections  are  as  rare  in  animals  as  in  humans.  Data  from  our  survey  of 
animals,  however,  indicated  that  li.  gypseum  infections  are  quite  common 
in  the  dog.  To  date,  65  strains  have  been  recovered  from  dogs,  2  from 
cats,  2  from  mice  (Peromyscus  poliemotus'),  2  from  rats  (Rattus  norvegicus), 
and  1  from  a  horse. 

In  all  cases  observed  the  fungus  had  invaded  the  hair  as  a  large-spored 
ectothrix.  Masses  of  arthrospores  occurred  both  in  skin  scrapings  and  on 
the  surface  of  hairs.  Mycelium  filled  the  interior  of  the  hair.  The  arthro¬ 
spores  were  highly  irregular  in  size  and  shape  but,  in  general,  were  ex¬ 
tremely  large,  ranging  from  4.2  to  8.4  p,  with  an  average  spore  size  of 
6  fL  The  infected  hairs,  therefore,  do  not  resemble  those  infected  by 
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other  Microsporum  species  such  as  M.  cards.  In  our  experience,  hairs 
infected  by  M.  gypseum  do  not  fluoresce  under  the  Wood's  lamp. 

Studies  by  Ajello*®  have  shown  that  M.  gypseum  is  a  common-soil 
saprophyte.  It  seems  odd,  therefore,  that  infections  in  man  and  animals 
are  not  seen  more  frequently.  The  organism  appears  to  be  essentially  a 
saprophyte  that  only  occasionally  produces  infections  in  susceptible 
animals.  Although  a  few  cases  of  contagion  from  animals  to  man  have 
been  recorded,  in  most  instances  suc*h  evidence  is  lacking.  It  seems 
probable  that  both  man  and  animals  acquire  their  infections  directly  from 
soil.  M.  gypseum  can  no  longer  be  considered  as  an  “animal-type" 
dermatophyte. 

(3)  Trichophyton  verrucosum  (T.  faviforme,  T.  album,  T.  discoides, 
T.  ochraceum).  T.  verrucosum  is  the  common  cause  of  ringworm  of  cattle 
in  the  United  States  as  well  as  in  Canada.  In  the  course  of  our  animal 
survey  this  fungus  has  been  frequently  isolated  from  cattle,  and  we  have 
also  recovered  it  from  donkeys,  including  a  burro,  and  from  a  horse. 
Ainsworth  and  Austwick®  have  found  this  fungus  to  be  a  common  agent 
of  ringworm  of  cattle  in  England.  They  reported  1  isolation  from  a  horse. 
It  is  interesting  that  in  both  the  American  and  English  equine  cases  the 
horses  had  been  pastured  with  ringworm-infected  cattle. 

Ringworm  of  cattle  occurs  largely  in  calves,  although  it  is  occasional¬ 
ly  seen  in  adult  animals,  particularly  in  northern  parts  of  the  United 
States  in  the  fall  and  winter  when  dairy  cows  are  kept  in  barns.  It  is  also 
prevalent  among  calves  kept  in  feed  lots.  Lesions  may  be  small,  scaly 
patches  that  escape  notice,  or  they  may  be  heavily  crusted  plaques  that 
develop  most  commonly  about  the  eyes  and  mouth,  and  in  the  anal  area. 
In  calves,  lesions  may  be  very  extensive.  If  the  crusts  are  removed  the 
lesions  are  found  to  be  moist  and  to  bleed  readily.  Old  lesions  lose 
their  heavy  crusts  and  appear  as  scaly  areas  filled  with  the  stubs  of 
broken-off  hairs.  Examination  of  infected  hairs  shows  them  to  be  covered 
with  a  sheath  of  chains  of  very  large  spores  ranging  from  5  to  lOfr  (large- 
spored  ectothrix). 

r.  verrucosum  ringworm  of  cattle  is  a  very  important  cause  of  human 
suppurative  ringworm  in  rural  areas  in  the  United  States.  In  a  recent 
survey  of  ringworm  in  a  rural  area  in  Michigan*^  it  was  found  that,  of  a 
total  of  63  cases  of  suppurative  ringworm  observed  among  farmers  and 
their  families,  31,  or  49.3  per  cent,  were  caused  by  this  organism.  During 
our  investigations  of  the  farms  from  which  these  cases  were  drawn  we 
found  that  a  history  of  ringworm  in  the  cattle  on  the  premises  usually 
could  be  elibited.  In  8  cases  we  obtained  the  same  fungus  from  contact 
animals.  In  most  instances  infections  had  occurred  in  children  under 
13  years  of  age,  although  numerous  infections  were  observed  in  adults, 
particularly  the  adult  male  farmer.  The  infections  appear  to  be  readily 
transmitted  from  adults  to  children,  or  among  siblings.  Aside  from  2 
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*  cases  involving  the  children  of  neighbors,  the  infections  were  confined 
to  single  families. 

r.  verrucosum  infections  may  be  acquired  indirectly.  Rook  and  Frain- 
Bell‘*  cite  the  case  of  a  child  who  developed  a  head  lesion  apparently 
through  contact  with  the  gate  of  a  cow  shed.  They  also  describe  the 
case  of  the  child  who  placed  a  calf’s  chain  around  her  neck  and  later 
developed  lesions  in  this  area.  There  were  a  number  of  instances  in  the 
Michigan  series  where  indirect  transmission  probably  occurred.  Infec¬ 
tions  developed  in  5  children  under  4  years  of  age  and  in  one  15-month- 
old  baby  before  any  occurred  in  adults  of  the  family.  It  seems  probable 
that  infected  cattle  hair  or  spores  from  such  hairs  may  have  been  carried 
on  the  clothing  of  adults  to  the  young,  highly  susceptible  children. 

Trauma  or  pre-existing  skin  lesions  undoubtedly  increase  susceptibility 
to  infection.  In  the  Michigan  series,  2  of  the  young  children  developed 

1  infections  in  areas  where  lesions  of  allergic  eczema  had  occurred  pre¬ 
viously.  One  farmer  developed  an  infection  at  a  site  on  his  neck  where 
he  had  recently  sustained  an  acid  burn.  It  is  noteworthy  that  the  majority 
of  infections  in  men  occur  on  the  bearded  areas  of  the  face  and  neck.  It 
may  be  that  the  fungus  spores  are  transferred  by  the  farm  worker’s  hands 
to  his  face  and  neck,  and  that  the  many  small  cuts  or  abrasions  suffered 
while  shaving  provide  a  favorable  environment  for  the  growth  of  the 
fungus. 

(4)  Trichophyton  mentagrophytes  var.  granular  (T.  gypseum,  T.  aster- 
oides,  T.  granulosum).  While  T.  verrucosum  accounted  for  approximately 
half  of  the  cases  of  suppurative  ringworm  seen  in  rural  areas  in  Michigan, 
the  other  half  of  this  group  (32  cases)  were  caused  by  T.  mentagrophytes 
var.  granular.  The  infections  were  predominately  among  farm  children, 
but  here  again  a  large  number  of  cases  were  in  adults,  particularly  men 
who  had  lesions  on  the  bearded  areas  of  the  face  and  neck. 

In  contrast  to  T.  verrucosum  infections,  which  usually  can  be  traced  to 
contacts  with  infected  cattle,  the  source  of  T.  mentagrophytes  infections 
in  rural  areas  is  not  often  easy  to  discover.  In  the  Michigan  series,  only 

2  of  32  patients  with  T.  mentagrophytes  infections  reported  having  seen 
ringworm  lesions  on  their  cattle.  The  fungus  recovered  from  these  ani¬ 
mals,  however,  was  T.  verrucosum.  No  evidence  was  obtained,  therefore, 
that  cattle  were  a  source  of  T.  mentagrophytes  infections  in  this  rural 
area.  In  fact,  in  a  study  of  51  cases  of  suspected  cattle  ringworm  from 
differeit  parts  of  the  United  States  we  have  isolated  only  1  strain  of 
T.  mentagrophytes,  the  other  isolates  all  being  T.  verrucosum.  Ainsworth 
and  Austwick®  have  had  a  similar  experience  in  Britain,  where  they 
isolated  T.  verrucosum  exclusively  from  41  cases  of  ringworm-infected 
cattle. 

The  greatest  number  of  T.  mentagrophytes  infections  of  animals  re¬ 
ported  in  the  literature  have  been  among  horses.*®  A  recent  survey  of 
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horses  by  this  laboratory,  however,  indicates  that  this  type  of  equine! 
ringworm  is  comparatively  rare,  the  majority  of  infections  being  due  to 
T.  equinum.  In  none  of  the  32  cases  observed  in  the  Michigan  series  was 
there  a  history  of  contact  with  ringworm-infected  horses. 

T,  mentagropbytes  infections,  however,  are  by  no  means  confined  to 
large  farm  animals.  Our  studies  indicate  that  small  pets  and  many  wild 
animals,  particularly  rodents,  are  important  reservoirs  of  this  fungus 
parasite.  To  date  we  have  isolated  T.  mentagropbytes  from  the  following 
animals:  18  rats  (12  Rattus  ncrvegicus,  1  Sigmodon  bispidtis,  and  5 
Rattus  rattus),  12  mice  (11  Peromyscus  polionotus,  and  1  Mus  musculus), 
10  chinchillas,  141  guinea  pigs,  13  dc^s,  2  cats,  1  cow,  1  horse,  and  1 
kangaroo.  In  the  British  survey,®  T.  mentagropbytes  was  isolated  in  6 
instances  from  dogs,  twice  from  cats,  and  once  from  a  horse.  It  is  known 
that  this  fungus  species  also  infects  rabbits,  muskrats,  opposums,  | 
squirrels,  foxes,  and  monkeys.®*  The  infected  hair  shows  a  sheath  of 
spores  and  individual  spore  chains  lying  on  the  surface  of  the  hair.  The 
interior  of  the  hair  shows  branching  mycelium.  The  size  of  the  arthro- 
spores  is  quite  uniform,  ranging  from  3  to  5  /x  (small-spored  ectothrix). 

It  has  been  our  experience  as  well  as  that  of  Fuentes  **  that  T.  menta- 
gropbytes  frequently  may  be  isolated  from  animals  that  show  no  visible 
lesions.  In  fact,  all  of  our  isolates  from  wild  mice  and  rats  were  from 
animals  that  showed  no  visible  signs  of  disease. 

The  fact  that  wild  mice  and  rats  may  harbor  this  fungus  gives  weight 
to  the  assumption  that  certain  areas  of  farm  premises,  especially  fed 
bins  and  barns,  may  be  contaminated  by  spores  and  infected  hairs  shd 
by  these  animals.  It  is  felt  that  rodents  play  an  important  role  in  the 
transmission  of  T.  mentagropbytes  infections  in  rural  areas.  The  ubiquity 
or  great  numbers  of  infected  animals  would  constitute  a  much  more  likely 
source  of  infection  than  the  occasional  case  of  clinical  T.  mentagropbytes 
ringworm  seen  in  pets  or  farm  animals. 

(5)  Tricbopbyton  equinum.  In  general,  T.  equinum  has  not  been  recog¬ 
nized  in  this  country  as  being  a  distinct  species.  Conant,*^  for  example, 
lists  it  as  a  synonym  of  T.  mentagropbytes.  The  name  appears  frequently, 
however,  in  the  European  literature.  Recent  interest  in  animal  ringworm 
has  stimulated  a  study  of  T.  equinum  by  this  laboratory  in  an  effort  to 
determine  whether  it  is  a  distinct  species  and  to  determine  whether  it  is 
associated  almost  exclusively  with  horses.  A  review  of  these  studies 
and  a  comparison  with  other  dermatophyte  species  has  been  reported 
elsewhere.  “ 

In  brief,  our  studies  have  led  us  to  accept  T.  equinum  as  a  distinct 
species.  This  fungus  was  first  described  by  Matruchot  and  Dassonville® 
from  equine  ringworm  in  1896.  The  name  T.  equinum  was  given  by 
Gedoelst^®  in  1910.  The  clinical  picture  of  ringworm  of  the  horse  pro¬ 
duced  by  this  organism  is  similar  to  that  produced  by  other  agents  of 
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ringworm,  although  the  appearance  of  the  infected  hair  is  characteristic 
for  this  fungus.  The  surface  of  the  infected  hair  reveals  a  sheath  of 
spores  and  individual  chains  of  spores.  The  interior  of  the  hair  is  filled 
with  branched  mycelium  along  with  chains  of  spores.  Measurements  of 
the  arthrospores  from  a  number  of  specimens  indicate  a  spore  size  rang- 
iig  from  3.5  to  8  /z.  This  size  is  intermediate  to  those  of  T.  mentagro- 
phytes  (3  to  5  n)  and  T.  vemicosutn  (5  to  10  pi)  infections.  Thus  the 
manner  of  hair  invasion  in  7.  equinwn  infections  may  be  described  as 
ectothrix  with  medium-sized  spores  in  chains. 

The  fungus  develops  rapidly  on  Sabouraud  dextrose  agar,  forming  a 
white,  downy  to  fluffy  growth  about  20  cm.  in  diameter  by  the  seventh  day. 
The  surface  of  the  colony  is  flat  at  first,  but  by  the  end  of  the  second 
week  it  begins  to  show  irregular  heaping  and  folding,  particularly  in  the 
ceitral  area.  At  the  edge  of  the  colony  there  is  usually  a  fringe  of  sub¬ 
merged  growth  that  is  quite  striking  because  of  its  brilliant  yellow-orange 
pigmentation.  The  reverse  of  the  colony  is  at  first  a  yellow-orange  but 
later  chaif;es  to  a  deep  rose-red. 

All  strains  sporulate  poorly  on  Sabouraud  dextrose  agar.  Delicate 
mktoconidia  occur  along  the  sides  of  the  mycelium.  Spore  formation  is 
greatly  increased  on  potato  dextrose  or  wort  agar.  On  these  media  the 
microconidia  occur  not  only  along  the  sides  of  the  mycelium  but  in  dense 
clusters.  The  microscopic  picture  is  not  particularly  distinctive. 

Perhaps  the  most  distinctive  characteristic  of  this  fungus  is  its  com¬ 
plete  requirement  for  nicotinic  acid.  Fifteen  strains  of  7.  eqainwn  from 
different  outbreaks  all  showed  this  same  requirement.  The  nicotinic  acid 
may  be  replaced  by  nicotinic  amide  or  the  amino  acid  tryptophane. 

A  number  of  epizootics  of  equine  ringworm  due  to  7.  equinum  have 
been  reported  in  the  European  and  South  American  literature.^*'^*  A 
recent  report  by  Batte  and  Miller^  described  extensive  outbreaks  due  to 
this  fungus  among  the  horses  in  race  track  stables  along  the  Atlantic 
coast  of  the  United  States.  Human  contagion  has  been  recorded  in  a 
number  of  these  epizootics.  The  number  of  cases  in  human  contacts,  how¬ 
ever,  is  apparently  few,  and  we  have  not  obtained  evidence  for  any  human- 
contact  case  due  to  this  fungus  in  our  present  survey. 

(6)  Trichophyton  gallinae  {Achorion  gallinae).  7.  gallinae  is  the 
causative  agent  of  ringworm  of  chickens  and  turkeys.  It  has  also  been 
seen  in  wild  birds. ^  The  avian  disease  known  as  favus,  or  white  comb, 
is  characterized  by  the  development  of  white  scaliness  and  crusts  on 
the  conbs  and  wattles  of  birds.  All  areas  of  the  skin  may  be  affected, 
but  the  feathers  apparently  are  not  invaded.  The  fungus  is  rare  in  this 
country,  although  several  unauthenticated  outbreaks  among  chickens 
have  been  recorded. 

The  first  record  of  the  isolation  of  7.  gallinae  from  a  human  is  that 
mentioned  by  Sabouraud  in  a  footnote  in  Les  Teignes.^  Gladys  Torres 
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of  Puerto  Rico  recently  isolated  this  fungus  from  a  scalp  lesion  in  a 
4-year-old  girl.^  The  source  of  the  infection  was  traced  to  ringworm, 
infected  chickens  at  the  child’s  home. 

Summary 

(1)  There  is  no  conclusive  evidence  that  systemic  or  subcutaneous 
fungus  infections  are  transmissible  from  1  host  to  another. 

(2)  The  cutaneous  mycoses,  or  ringworm  infections,  of  animals,  how. 
ever,  are  easily  transmissible  to  humans,  and  they  constitute  an  im. 
portant-public  health  problem. 

(3)  Five  agents  of  ringworm  of  animals  are  discussed  in  relationship 
to  human  infections.  These  include:  Microsporum  cards,  M.  gypseiim, 
Trichophyton  verrucosum,  T.  mentagrophytes  vat.  granular,  T.  eqaintm, 
and  T.  gallinae. 
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SECTION  OF  BIOLOGY 

MERCURY  AND  ITS  COMPOUNDS 

Friday,  April  6  and 
Saturday,  April  7,  1956 

Conference  Co-Chairmen 

Cecil  V.  King,  New  York  University,  New  York,  N.  Y. 

Harry  Gold,  Cornell  University  Medical  College,  New  York,  N.  Y. 
Harold  Wolff,  Harold  Wolff  Associates,  New  York,  N.  Y. 

FRIDAY,  APRIL  6,  1956 

PHYSICS  AND  CHEMISTRY 

Session  Chairman:  Frank  C.  Collins 
Polytechnic  Institute  of  Brooklyn,  Brooklyn,  N.  Y. 

9:00  A.M.- 

Greetings  from  the  Academy  —  Frank  C.  Collins,  Chairman,  Section  of 
Physics  and  Chemistry,  New  York  Academy  of  Sciences,  New  York  City; 
Polytechnic  Institute  of  Brooklyn,  Brooklyn,  N.  Y. 

“Mercury,  Its  Scientific  History  and  Role  in  Physical  and  Electrochemis¬ 
try”  —  Cecil  V.  King,  New  York  University,  New  York,  N.  Y. 

“Physical  Properties  and  Purification  of  Mercury”  —  Edward  Wichers  and 
Charles  L.  Gordon,  National  Bureau  of  Standards,  Washington,  D.  C. 

“Growth  of  Mercury  Crystals  from  the  Vapor”  —  Gerald  W.  Sears,  General 
Electric  Co.,  Schenectady,  N.Y. 

“Physical  Properties  of  Mercury  Important  in  Electronics”  —  Erwin  F. 
Lowry,  Sylvania  Electric  Products,  Inc.,  Salem,  Mass. 

“Recent  Studies  in  the  Inorganic  Chemistry  of  Mercury”  —  William  N. 
Lipscomb,  University  of  Minnesota,  Minneapolis,  Minn.  (Paper  will  be 
read  by  Frank  C.  Collins,  Polytechnic  Institute  of  Brooklyn,  Brooklyn, 
N.Y.) 

“Fundamental  Chemistry  of  Organomercurials”  —  George  F.  Wright,  Uni¬ 
versity  of  Toronto,  Toronto,  Ontario,  Canada. 

“Mercury  in  Protein  Chemistry”  —  W.  L.  Hughes,  Jr.,  Brookhaven  Na¬ 
tional  Laboratory,  Upton,  N.  Y. 

“Relationship  between  Chemical  Structure  tind  Biological  Activity  in 
Mercurial  Compounds”  —  Harris  L.  Friedman,  Lakeside  Laboratories, 
Milwaukee,  Wis. 


Discussion 
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PHARMACOLOGY  AND  TOXICOLOGY 

I  Session  Chairman:  Carrol.'  A.  Handley 

Baylor  University  College  of  Medicine,  Houston,  Tex. 

2.00  P.M.- 

"Plant  Injury  by  Vapors  of  and  Compounds  of  Mercury”  —  A.  E.  Hitch¬ 
cock  and  P.  W.  Zimmerman,  Boyce-Thompson  Institute  for  Plant  Research, 
Yonkers,  N.  Y. 

"The  Toxicity  of  Inorganic  Mercury”  —  3.  L.  Vosburgh,  Consultant, 
Health  Services,  and  J.  J.  Ferry,  General  Electric  Co.,  Schenectady,  N.Y. 

"Pharmacolc^y  of  Mercury  and  Its  Compounds”  —  Harold  Shoemaker, 
University  of  Oklahoma  School  of  Medicine,  Oklahoma  City,  Okla. 

"An  Analysis  of  the  Excretory  Products  of  a  Mercurial  Diuretic  by 
Column  Chromatography”  —  John  H.  Mayer,  Carroll  A.  Handley  and 
Richard  A.  Seibert,  Baylor  University  College  of  Medicine,  Houston,  Tex. 

"Renal  Tolerance  to  Long-Term  Administration  of  Organomercurial 
Diuretics”  —  William  Leff  and  Harvey  E.  Nussbaum,  St.  Barnabas  Hospi¬ 
tal,  Newark,  N.  J. 

"Massive  Doses  of  Mercurial  Diuretics  in  Refractory  Patients”  —  I.  J. 
Greenblatt,  George  B.  Gordon  and  I.  Feder,  Beth-El  Hospital,  Brooklyn, 
N.Y. 

"Reactions  to  the  Organomercurial  Compounds”  —  Ethan  Allan  Brown, 
Boston  Dispensory,  Boston,  Mass. 

Discussion 


SATURDAY,  APRIL  7,  1956 

CLINICAL  MEDICINE 

Session  Chairman:  Harry  Gold 
Cornell  University  Medical  College,  New  York,  N.Y. 

9:00  .A.M.- 

“Mechanism  of  Action  of  Mercurial  Diuretics  in  Man”  —  Raymond  E. 
Weston,  Montefiore  Hospital,  New  York,  N.  Y. 

“Mercurial  Diuretics  and  Electrolytes”  —  William  B.  Schwartz,  Tufts 
College  Medical  School  and  Boston  University  School  of  Medicine, 
Boston,  Mess. 


“Sioassay  of  Organomercurial s”  —  Theodore  Greiner,  Cornell  University 
Medical  College,  New  York,  N.  Y. 
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“Clinical  Effectiveness  of  Mercurial  Diuretics  in  Congestive  Heart 
Failure”  —  John  M.  Evans,  George  Washington  University  Hospital, 
Washington,  D.  C. 

“Outpatient  Management  of  the  Cardiac  Patient  with  Oral  Mercurial 
Diuretics”  —  William  Lawrence  and  Margaret  "S.  Klapper,  Medical  Col¬ 
lege  of  Alabama,  Birmingham,  Ala. 

“Mercurial  Diuretics  —  A  Long-Term  Evaluation”  —  George  C.  Griffith, 
University  of  Southern  California  School  of  Medicine,  Los  Angeles, 
Calif. 

“Special  Problems  of  Management  of  Patients  on  Mercurial  Diuretic 
Therapy”  —  Emanuel  Goldberger,  New  York,  N.  Y. 

“Mercurial  Diuretics  in  Toxemia  of  Pregnancy  and  Other  Clinical  Indica¬ 
tions”  —  J.  W.  Hendrick,  Jacksonville,  Fla. 

Discussion 
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lean  the  pharmacology  OF  PSYCHOTOMIMETIC 

ital,  AND  PSYCHOTHERAPEUTIC  DRUGS 

Thursday,  April  12, 
irial  Friday,  April  13  and 

'ol-  Saturday,  April  14,  1956 

(Conference  Chairman:  Seymour  S.  Kety 

National  Institute  of  Neurological  Diseases  and  Blindness 
es,  National  Institutes  of  Health,  Bethesda  14,  Md. 

THURSDAY,  APRIL  12,  1956 
tic 

PSYCHOTOMIMETIC  AGENTS  -  CLINICAL  AND  BIOCHEMICAL  ASPECTS 
a-  Session  Chairman:  Bernard  B.  Brodie 


National  Heart  Institute,  Bethesda,  Md. 

9:30  A.M.  - 

Greetings  from  the  Academy  —  Hilary  Koprowski,  Chairman,  Section  of 
Biology,  New  York  Academy  of  Sciences,  New  York  City;  Lederle  Labo¬ 
ratories  Division,  American  Cyanamid  Company,  Pearl  River,  New  York. 

The  Conference  and  Its  Aims  —  Seymour  S.  Kety,  National  Institutes  of 
Health,  Bethesda,  Md. 

"A  Review  of  the  Clinical  Effects  of  Psychotomimetic  Agents"  —  Hum¬ 
phry  Osmond,  Saskatchewan  Hospital,  Weybum,  Saskatchewan,  Canada. 

"The  Distribution  and  Metabolism  of  LSD"  —  Julius  Axelrod,  National 
Institute  of  Mental  Health,  Bethesda,  Md. 

"A  Review  of  the  Biochemical  Changes  Induced  in  vivo  by  LSD  and 
Similar  Drugs"  -  Hudson  Hoagland,  Worcester  Foundation  for  Experi¬ 
mental  Biology,  Shrewsbury,  Mass. 

“A  Review  of  the  Biochemical  Effects  in  vitro  of  Certain  Psychotomi¬ 
metic  Agents"  —  James  A.  Bain,  Emory  University  School  of  Medicine, 
Emory  University,  Ga. 

"The  Effects  of  LSD  on  Cerebral  Circulation  and  Over-all  Metabolism" 
Louis  Sokoloff,  National  Institute  of  Mental  Health,  Bethesda,  Md. 

PSYCHOTOMIMETIC  AGENTS  -  NEUROPHYSIOLOGICAL  EFFECTS 

Session  Chairman:  Carl  C.  Pfeiffer 
Emory  University  School  of  Medicine,  Emory  University,  Ga. 

2:00  P.M.  - 

“A  Review  of  the  Neurophysiological  Effects  of  LSD  and  Other  Psycho¬ 
tomimetic  Agents"  —  Edward  V.  Evarts,  National  Institute  of  Mental 
Health,  Bethesda,  Md. 
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“Effects  of  Certain  Drugs  on  Cerebral  Synapses”  —  Amedeo  S.  Marrazzi,  i  "LSI 
Veterans  Administration  Hospital,  Pittsburgh,  Pa.  ^  Com| 

“Effects  of  Psychotomimetic  Agents  on  the  Electroretinogram”  -  Julia  1  "Co: 
T.  Apter,  Manteno  State  Hospital,  Manteno,  Ill.  I  and 


“The  Nature  of  the  Synaptic  Action  of  LSD”  —  Dominick  P.  Purpura,  | 
Columbia  Presbyterian  Medical  Center,  New  York,  N.  Y.  i 


“General  Problems  of  Drug  Action  on  Bioelectric  Phenomena”  -  Harry 
Grundfest,  College  of  Physicians  and  Surgeons,  Columbia  University, 
New  York,  N.  Y. 


FRIDAY,  APRIL  13,  1956 


SEROTONIN  AND  ITS  POSSIBLE  ROLE  IN  THE  NERVOUS  SYSTEM,  I 


Session  Chairman:  J.  H.  Gaddum 
University  of  Edinburgh,  Edinburgh,  Scotland 


9:30  A.M.  - 

*‘A  Review  of  the  History  and  the  Nature  of  Serotonin”  —  Irvine  H.  Page, 
Cleveland  Clinic,  Cleveland,  Ohio. 


“Biochemical  Findings  Relating  to  Serotonin  Action”  —  Sidney  Uden- 
friend.  National  Heart  Institute,  Bethesda,  Md. 


“Role  of  Brain  Serotonin  in  Reserpine  Action”  —  Parkhurst  Shore, 
National  Heart  Institute,  Bethesda,  Md. 


'Serotonin  as  a  Possible  Neurohumoral  Agent”: 

“A  Review  of  the  Evidence  Obtained  in  Lower  Animals”  —  John  H. 
Welsh,  Harvard  University,  Cambridge,  Mass. 


‘A  Review  of  the  Evidence  Obtained  in  Mammals”  —  Bernard  B. 
Brodie,  National  Heart  Institute,  Bethesda,  Md. 


SEROTONIN  AND  ITS  POSSIBLE  ROLE  IN  THE  NERVOUS  SYSTEM,  0 


Session  Chairman:  Irvine  H.  Page 
Cleveland  Clinic,  Cleveland,  Ohio 

2:00  P.M. 

“Serotonin-LSD  Interactions  —  A  Review”  —  J.  H.  Gaddum,  University 
of  Edinburgh,  Edinburgh,  Scotland. 


“Evidence  for  the  Participation  of  Serotonin  in  Mental  Processes”  - 
D.  W.  Woolley,  Rockefeller  Institute  for  Medical  Research,  New  York,  N.Y. 


“LSD  and  Its  Analogues”  —  Ernst  Rothlin,  University  of  Basel,  Basel, 
Switzerland. 
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r 

zzi,  i  "LSD  Antagonism  of  Certain  Drugs*'  —  Barbara  B.  Brown,  Wm.  S.  Merrell 
I  Company,  Cincinnati,  Ohio. 

lia  f  "Comparative  Effects  of  Tranquilizing  Agents  on  Subcortical  Centers 
f  and  on  Serotonin  Excretion’*  —  Frank  M.  Berger,  Wallace  Laboratories, 

I  New  Brunswick,  N.  J. 


irry 

ty. 


SATURDAY,  APRIL  14,  1956 

PSYCHOTHERAPEUTIC  DRUGS  -  CLINICAL,  BEHAVIORAL 
AND  PHARMACOLOGICAL  EFFECTS 


!  Session  Chairman:  Klaus  Unna 

I  University  of  Illinois  College  of  Medicine,  Chicago,  Ill. 

I  9:30  A.M.  - 

“Pharmacotherapy  in  Psychiatry  —  A  Review**  —  Lester  H.  Margolis, 
I  Langley  Porter  Clinic,  San  Francisco,  Calif. 


I  “A  Review  of  Bdiavioral  Pharmacology**  —  Joseph  V.  Brady,  Walter 
j  Reed  Army  Medical  Center,  Washington,  D.  C. 

,  I  "Effects  of  Drugs  on  Visual  Discrimination  in  the  Pigeon**  —  Donald  S. 
/  Blough,  National  Institute  of  Mental  Health,  Bethesda,  Md. 

I  "Behavioral  Effects  of  Some  Psychotherapeutic  Drugs**  —  Leonard  Cook, 
I  Smith,  Kline  and  French  Laboratories,  Philadelphia,  Pa. 

I  "A  Component  of  Pharmacological  Action  which  Inhibits  the  Conditioned 
j  Response**  —  Carl  C.  Pfeiffer,  Emory  University  School  of  Medicine, 
j  Emcfy  University,  Ga. 

"Neuropharmacological  Studies  on  Ibogaine,  an  Indole  Alkaloid  with 
Central  Stimulant  Properties**  —  Jurg.  A.  Schneider,  Ciba  Pharmaceutical 

Inc.,  Summit,  N.  J. 

I 

PSYCHOTHERAPEUTIC  DRUGS  -  NEUROPHYSIOLOGICAL  AND 
BIOCHEMICAL  EFFECTS 

Session  Chairman:  Hudson  Hoagland 
Worcester  Foundation  for  Experimental  Biology 
Shrewsbury,  Mass. 

2:00  P.M.  - 

“A  Review  of  the  Neurophysiological  Effects  of  Psychotherapeutic 
'  Drags’*  -  Klaus  Unna,  University  of  Illinois  College  of  Medicine,  Chi¬ 
cago,  Ill. 

"The  Effects  of  Psychotherapeutic  Compounds  on  Central  Afferent  and 
Limbic  Pathways”  —  Eva  King  Killam,  University  of  California  Medical 
!  Center,  Los  Angeles,  Calif. 
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“A  Review  of  the  Biochemical  Effects  of  Psychotherapeutic  Drugs”  - 
Heinrich  Waelsch,  New  York  State  Psydiiatric  Institute,  New  York,  N.  Y. 

“Chemical  Constitution  and  Biochemical  Effects  of  Psychotherapeutic 
and  Related  Agents”  —  Leo  G.  Abood,  University  of  Illinois  College  of 
Medicine,  Chicago,  Ill. 

“Considerations  on  the  Mechanisms  of  Action  of  Psychotherapeutic  and 
Related  Drugs”  -  R.  G.  Grenell,  University  of  Maryland  School  of  Medi¬ 
cine,  Baltimore,  Md. 

“Implications  of  Psychopharmacology  to  the  Etiology  and  Treatment  of 
Mental  Illness”  -  Seymour  S.  Kety,  National  Institute  of  Mental  Health, 
Bethesda,  Md. 


( 

J 
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BASIC  PROBLEMS  IN  GEOPHYSICS 

Friday,  April  20,  1956 

PROGRAM 

FRIDAY,  APRIL  20,  1956 

Session  Chairman:  Bernhard  Haurwitz 
New  York  University,  New  York,  N.  Y. 

9:30  A.M.  - 

Introductory  Remarks  —  Serge  A.  Korff,  Department  of  Physics,  New  York 
University,  New  York,  N.  Y. 

Greetings  from  the  Academy  —  Boris  Pregel,  Vice  President,  The  New 
York  Academy  of  Sciences;  President  of  Canadian  Radium  and  Uranium 
Corporation,  New  York,  N.  Y. 

"Structure  of  Solar  Atmosphere  and  Solar  Activity"  —  R.  G.  Athay, 
Harvard  College  Observatory,  Boston,  Mass. 

“Cosmic  Rays  and  Geomagnetic  Phenomena"  —  Scott  Forbush,  Depart¬ 
ment  of  Terrestrial  Magnetism,  Carnegie  Institution  of  Washington,  Wash¬ 
ington,  D.  C. 

Discussion 

Session  Chairman:  J.  Joseph  Lynch,  S.J. 

Fordham  University,  New  York,  N.  Y. 

2:00  P.M.  - 

"Ionospheric  Phenomena  and  Turbulence"  —  Henry  G.  Booker,  Cornell 
University,  Ithaca,  N.  Y. 

“Meteorology  and  Oceanography"  —  Bernhard  Haurwitz,  New  York  Uni¬ 
versity,  New  York,  N.  Y. 

"Seismology  and  Gravity"  —  Maurice  Ewing,  Lament  Geological  Ob¬ 
servatory,  Columbia  University,  New  York,  N.  Y. 

Session  Chairman:  Boris  Pregel 
Canadian  Radium  and  Uranium  Corporation 
New  York,  N.  Y. 

8:00  P.M.  - 

"International  Cooperation  in  Geophysics"  —  Lloyd  V.  Berkner,  President, 
i  Associated  Universities,  Inc.;  Vice-President,  International  Committee 
I  for  the  Geophysical  Year  (C.S.  A.G.I.). 


I  Y. 
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COMMITTEE 
Co-Chairmen 

Boris  Pregel,  The  Canadian  Radium  and  Uranium 
Corporation,  New  York,  N.  Y, 

Serge  Korff,  New  York  University,  New  York,  N.  Y. 

William  0.  Field  Charles  Hitchcock 

American  Geographical  Society  Director,  American  Geographical 

New  York,  N.  Y.  Society,  New  York,  N.  Y. 


Bernhard  Haurwitz 
New  York  University 
New  York,  N.  Y. 


Walter  A.  Wood 

Arctic  Institute  of  North 

America,  New  York,  N.  Y. 
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NEW  MEMBERS 
Elected  April  26,  1956 
SUSTAINING  MEMBERSHIP 


Bocolo,  Giovanni,  Ph.D.,  Organic  Chemistry.  Chief  Biochemist,  Donald  N.  Sharp 
Memorial  Hospital,  San  Diego,  Calif. 

DeLawter,  Hilbert  H.,  M.D.,  Psychiatry.  Private  Practice,  Birmingham,  Mich, 
gl  Freel,  John  A.,  M.D.,  Microbiology.  Private  Practice,  Bay  City,  Mich. 

‘  Hardin,  Creighton  A.,  M.D.,  Transplantation.  Assistant  Professor,  Surgery,  Uni¬ 
versity  of  Kansas  Medical  Center,  Kansas  City,  Kans. 

Lemann,  Jacob,  Jr.,  M.D.,  Internal  Medicine.  Naval  Station  Dispensary,  Naval 
Base,  Norfolk,  Va. 

Litman,  Neil  N.,  M.D.,  Pediatrics.  Assistant  Clinical  Professor,  Pediatrics, 
University  of  California,  Los  Angeles,  Calif. 

Lynch,  William  A.,  M.D.,  Obstetrics.  Assistant,  Gynecology,  Tufts  University, 
Boston,  Mass. 

Haess,  Albert  C.,  M.D.,  Medicine.  Private  Practice,  Rockford,  Ill. 

Niswander,  G.  Donald,  M.D.,  Psychiatry.  Director,  Psychiatric  Research  and 
Education,  New  Hampshire  State  Hospital,  Concord,  N.H. 

Thggs,  Perry  O.,  M.D.,  Hematology.  Internist,  Fargo  Clinic,  Fargo,  N.Dak. 


i 

I 


ACTIVE  MEMBERSHIP 


■  Adler,  Martin  W.,  B.S.,  Pharmacology.  Assistant,  Biology  Department,  Columbia 
I  Uidversity,  New  York,  N.Y. 

I  Ansell,  Harvey  B.,  M.D.,  Mycology,  Biology.  Clinical  Instructor,  Dermatology, 

I  Tufts  Medical  School,  Boston,  Mass. 

j  Arnold,  John  D.,  M.D.,  Cell  Physiology.  Assistant  Professor,  Medicine,  Uni¬ 
versity  of  Chicago,  Chicago,  IlL 

.  Baldry,  George  S.,  M.D.,  Internal  Medicine.  Assistant  Resident,  Medicine, 
Jackson  Memorial  Hospital,  Miami,  Fla. 

Barad,  Martin,  M.D.,  Psy^iatry.  Kingsbridge  V.A.  Hospital,  New  York,  N.Y. 
Barasch,  Julius,  M.D.,  Psychiatry.  Chief,  Psychiatry,  Veterans  Administration 
Hospital,  Brooklyn,  N.Y. 

Barron,  Alberto  Gusman,  M.D.,  Biochemistry.  Director,  Professor,  Institute  of 
Biochemistry  and  Nutrition,  University  of  San  Marcos,  Lima,  Peru. 

Bartel,  G.  J.,  M.B.A.,  Psychology.  Administrator,  Monmouth  Memorial  Hospital, 
Long  Branch,  N.J. 

Beck,  Isabel,  M.D.,  Gynecology.  Mt.  Sinai  Hospital,  New  York,  N.Y. 

Beck,  Raymond  W.,  Ph.D.,  Bacterial  Physiology.  Assistant  Professor,  Bacteri- 
I  ology.  University  of  Termessee,  Knoxville,  Term. 

t  Bigman,  Seymour  B.,  D.V.M.,  Veterinary  Medicine.  Veterinary  Department, 
i  E.R.  Squibb  &  Sons,  Brooklyn,  N.Y. 

I  Bleiberg,  Jacob,  M.D.,  Biology.  Private  Practice,  Newark,  N.J. 

■  Boling,  Eldon  A.,  M.D.,  Internal  Medicine.  Veterans  Administration  Hospital, 

■-  Boston,  Mass. 

(  Borsos,  Tibor,  B.A.,  Cancer.  Research  Assistant,  Department,  Pathobiology, 

I  The  Johns  Hopkins  University,  Baltimore,  Md. 

I  Boyer,  Donald  D.,  Ph.D.,  Genetics.  Chas.  Pfizer  &  Co.,  Inc.,  Brooklyn,  N.Y. 

1  Breakell,  Edward  Samuel,  M.D.,  Pathology.  Assistant  Pathologist,  Stamford 
I  Hospital,  Stamford,  Conn. 

1  Brezina,  Edward  S.,  M.D.,  Pathology.  Pathology  Resident,  Letterman  Army 
Hospital,  San  Francisco,  Calif. 

i  Caceres,  Cesar  Augusto,  M.D.,  Medicine.  Resident,  Medicine,  New  England 
State  Hospital,  Boston,  Mass. 

i  Chalmers,  Rives,  M.D.,  Psychiatry.  Private  Practice,  Atlanta,  Ga. 

I  Chamovitz,  Irvin,  M.D.,  Biology.  Private  Practice,  Pittsburg^h,  Pa. 
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Chouquer,  Italo  Caosi,  M.D.,  Pathology.  Pathologist,  Hospital  Regional  de 
Valdivia,  Valdivia,  Chile. 

Corday,  Eliot,  M.D.,  Cardiovascular.  Private  Practice,  Beverly  Hills,  Calif. 

Dana,  George  Winchester,  M.D.,  Pediatrics.  Assistant  Professor,  Pediatrics, 
University  of  Oregon  Medical  School,  Portland,  Oreg. 

Davidoff,  Eugene,  M.D.,  Medicine.  Chief  Psychiatrist,  Ellis  Hospital,  ScIm- 
nectady,  N.Y. 

Davidsohn,  I.,  M.D.,  Pathology.  Director,  Research,  Mt.  Sinai  Medical  Researcli 
Foundation,  Chicago,  Ill. 

Davies,  Dean  Fletcher,  M.D.,  Lung  Cancer.  Research  Associate,  Americas 
Cancer  Society  Inc.,  New  York,  N.Y. 

Davis,  Donald  Dean,  M.D.,  Surgery.  Surgical  Resident,  Pennsylvania  Hospital, 
Philadelphia,  Pa. 

Davis,  John  W.,  M.D.,  Internal  Medicine.  Private  Practice,  Painesville,  Ohio. 

Davis,  Martin  T.,  M.D.,  Medicine.  Private  Practice,  Bridgeport,  Conn. 

Day,  Jesse  H.,  Ph.D.,  Chemistry.  Associate  Professor,  Chemistry,  Ohio  Uni¬ 
versity,  Athens,  Ohio. 

DeCarvalho,  Adonis  Reis  Lira,  M.D.,  Pathology.  Assistant  Professor,  Faculdade 
de  Medicina  da  Universidade  do  Recife,  Recife,  Brazil. 

DeGooyer,  Melvin  H.,  M.D.,  Medicine.  ResidentPhysician,  Tulare>Kings Counties 
Hospital,  Springville,  Calif. 

Del  Pozo,  Efren  C.,  M.D.,  Pharmacology.  Instituto  de  Salubridad  y  Enfermedades 
Tropicales,  Mexico,  D.F.,  Mexico. 

DeLuca,  Vincent  A.,  Jr.,  M.D.,  Internal  Medicine.  Private  Practice,  Derby,  Cons. 

Denham,  Sam  Wesley,  M.D.,  Obstetrics.  Private  Practice,  Jacksonville,  Fla. 

Denko,  Charles  W.,  M.D.,  Medicine.  Research  Associate,  Argonne  Cancer  Re¬ 
search  Hospital,  Chicago,  Ill. 

Dobbins,  Thomas,  M.D.,  Public  Health.  Medical  Director,  Indiana  State  Fans 
Hospital,  Greencastle,  Ind. 

Docter,  Armin  W.,  M.D.,  Medicine,  Mycology.  Private  Practice,  Englewood,  N.J. 

Doerfler,  Leo  G.,  Ph.D.,  Audiology.  Professor,  Audiology,  University  of  Pitts¬ 
burgh,  Pittsburgh,  Pa. 

Dorfman,  Wilfred,  M.D.,  Psychosomatic  Medicine.  Associate  Attending  Physi¬ 
cian,  Coney  Island  Hospital,  Brooklyn,  N.Y. 

Draper,  Fred  H.,  M.D.,  Biology.  Laboratory  Consultant,  Hayward,  Calif. 

Dvorkovitz,  Vladimir,  Ph.D.,  Veterinary  Pharmaceuticals.  Assistant  Genera! 
Manager,  Jensen-Salsbery  Laboratories  Inc.,  Kansas  City,  Mo. 

Earle,  Robert  W.,  M.S.,  Cardiovascular.  Professor,  College  of  Osteopathic 
Physicians  and  Surgeons,  Los  Angeles,  Calif. 

Eckhardt,  Eileen  T.,  B.A.,  Toxicology.  Associate  Pharmacologist,  Schering 
Corporation,  Bloomfield,  N.J. 

Egeberg,  Roger  0.‘,  M.D.,  Biology.  Medical  Director,  Los  Angeles  County 
Hospital,  Los  Angeles,  Calif. 

Engle,  Claire  Gwynn,  M.S.,  Microbiology.  Assistant  Virologist,  Schering  Cotpo- 
ration,  Bloomfield,  N.J. 

Fanning,  Frederick,  J.,  M.D.,  Geriatrics.  Chief,  Geriatrics  Dept.,  Veterans 
Administration,  Portland,  Oreg. 

Farb,  Morris,  B.S.,  Ophthalmology.  Optometrist,  Mobile,  Ala. 

Ferry,  Andrew  Peter,  M.D.,  Internal  Medicine.  Flight  Surgeon,  Ashiya  Air  Base, 
Japan. 

Firestein,  Ray,  M.D.,  Internal  Medicine.  Private  Practice,  South  Bend,  Ind. 

Fishkin,  Seymour,  M.D.,  Biology.  Private  Practice,  Chicago,  Ill. 

Flanagan,  Curtis  J.,  M.D.,  Pathology.  Senior  Resident,  Clinical  Pathology, 
Jackson  Memorial  Hospital,  Miami,  Fla. 

Flatt,  Robert,  D.Sc.,  Inorganic  Chemistry.  Professor,  Inorganic  analytical 
chemistry.  University  of  Lausanne,  Lausanne,  Switzerland. 

Florman,  Alfred  L.,  M.D.,  Pediatrics.  Director,  Pediatrics,  North  Shore  Hospital, 
Manhasset,  N.Y. 

Forman,  F.,  M.D.,  Biology.  Medical  School,  University  of  Cape  Town,  Cape 
Town,  South  Africa. 

Forrest,  Jess,  B.Eng.,  Industrial  Design.  Research  Associate,  Bio-Mechanics 
Laboratory,  Tufts  University,  Medford,  Mass. 

Foster,  Pearl  D.,  M.D.,  Internal  Medicine.  Private  Practice,  New  York,  N.Y. 
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Fowler,  Fred  D.,  M.D.,  Neurosurgery.  Resident  Neurosurgeon,  Children's  Medical 
Center,  Boston,  Mass. 

Frank,  Ludwig,  B.A.,  Resetuch  Electro  Technician.  Assistant  Clinical  Director, 
West  Hartford,  Conn. 

Franklin,  William,  M.D.,  Medicine.  Instructor,  Medicine,  Boston  University, 
Boston,  Mass. 

Fraser,  Dean,  Ph.D.,  Bacterial  Virology.  Associate  Professor,  Bacteriology, 
Indiana  University,  Bloomington,  Ind. 

Freedman,  David  A.,  M.D.,  Biology.  Assistant  Professor,  Neurology,  Tulane 
University,  New  Orleans,  La. 

Frendi,  Edith  Elizabeth,  M.D.,  Clinical  Pathology.  Instructor,  Pathology, 
Dartmouth  Medical  School,  Hanover,  N.H. 

Freundlich,  Jacob,  M.D.,  Cardiology.  St.  Paul's  Hospital,  Vancouver,  B.C., 
Canada. 

Freyhan,  Fritz  A.,  M.D.,  Clinical  Psychiatry.  Clinical  Director,  University  of 
Pennsylvania  Medical  School,  Philadelphia,  Pa. 

Friedman,  Eugene,  D.D.S.,  Biology.  Oral  Surgeon,  Massapequa,  N.Y. 

Friedman,  Rudolph  P.,  M.D.,  Psychiatry.  Supervising  Psychiatrist,  Pilgrim 
State  Hospital,  Brentwood,  N.Y. 

Fulcher,  O.  Hugh,  M.D.,  Neurological  Surgery.  Private  Practice,  Washington, 
D.C. 
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Fuller,  Harvey  Lewis,  M.D.,  Medicine.  Private  Practice,  Baltimore,  Md. 

Fulton,  John  F.,  M.D.,  History  of  Medicine.  Sterling  Professor,  Yale  University, 
New  Haven,  Conn. 

Funderburg,  Lonnie  W.,  M.D.,  Anesthesiology.  Private  Practice,  Birmingham, 
Ala. 

Gabriele,  Orlando  Frederick,  M.D.,  Medicine.  Resident,  Radiology,  Grace-New 
Haven  Community  Hospital,  New  Haven,  Conn. 

Gabuzda,  George  J.,  M.D.,  Clinical  Investigatioru  Assistant  Professor,  Medicine, 
Western  Reserve  University,  Cleveland,  Ohio. 

Gaffey,  James  W.,  M.D.,  Neurological  Problems.  Private  Practice,  Cedar  Rapids, 
Iowa. 

Garber,  Stanley  T.,  M.D.,  Obstetrics.  Professor,  University  of  Cincinnati, 
Cinciimati,  Ohio. 

Gardner,  Irvin  Bassist,  M.D.,  Medicine.  Private  Practice,  Burlingame,  Calif. 

Garoutte,  Bill,  M.D.,  Neurophysiology.  Assistant  Professor,  Anatomy,  Neurology, 
University  of  California,  San  Francisco,  Calif. 

Garrity,  Mary  A.,  M.D.,  Internal  Medicine.  Private  Practice,  Pittsburgh,  Pa. 

Gaspazian,  H.M.,  Neoplastic  Diseases.  Radiologist,  Cornwall  Hospital,  Corn¬ 
wall,  N.Y. 

Gasster,  Marvin,  M.D.,  Internal  Medicine.  Private  Practice,  Los  Angeles,  Calif. 

Gavurin,  Lillian,  B.S.,  Biology.  Graduate  Student,  Brooklyn,  N.Y. 

Gershenson,  D.A.,  Biology.  Private  Practice,  Fairfield,  Ill. 

Gilger,  Anita  Peek,  M.D.,  Ophthalmology.  Senior  Clinical  Instructor,  Ophthal¬ 
mology,  Western  Reserve  University,  Cleveland,  Ohio. 

Giordano,  William  C.,  M.D.,  Biology.  Private  Practice,  Ridgefield,  N.J. 

Classman,  Lionel,  M.D.,  Anesthesiology.  Attending  Physician,  Sinai  Hospital, 
Baltimore,  Md. 

Glazebrook,  Arthur  Joseph,  M.D.,  Gastroenterology.  Psychiatrist  III,  Manteno 
State  Hospital,  Manteno,  Ill. 

Glenn,  William  W.  L.,  M.D.,  Surgery.  Associate  Professor,  Surgery,  Yale  Uni¬ 
versity,  New  Haven,  Conn. 

Glover,  Henry  Martin,  M.D.,  Pathology.  Resident  Pathologist,  Duke  University 
Hospital,  Durham,  N.C. 

Gluckson,  Leonard  D.,  D.O.,  Psychiatry.  Private  Practice,  Los  Angeles,  Calif. 

Gold,  Herbert,  M.D.,  Cardiovascular  Disease.  Private  Practice,  Beverly  Hills, 
Calif. 

Goldberger,  H.A.,  M.D.,  Biology.  Private  Practice,  Flushing,  N.Y. 

Goldin,  Albert  G.,  M.D.,  Internal  Medicine.  Private  Practice,  Louisville,  Ky. 

Goldman,  Douglas,  M.D.,  Psychiatry.  Assistant  Professor,  Psychiatry,  Uni¬ 
versity  of  Cincinnati,  Cincirmati,  Ohio. 

Goodson,  W.  H.,  Jr.,  Rheumatology.  Private  Practice,  Kansas  City,  Mo. 
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Gorfinkel,  Arthur,  M.D.,  Psychiatry.  Supervising  Psychiatrist,  Rockland  State  I 
Hospital,  Orangeburg,  N.Y.  | 

Gorog,  Nicholas  M.,  M.D.,  Medicine.  Assistant  Associate,  St.  Peters  Genenl  | 
Hospital,  New  Brunswick,  N.J.  t 

Green,  Jerome  George,  M.D.,  Cardiovascular  Physiology.  Senior  Assistant  r 
Surgeon,  National  Institutes  of  Health,  Bethesda,  Md.  ^ 

Greenfield,  Alfred  R.,  M.D.,  Alcoholism.  Private  Practice,  Washington,  D.C.  i 
Greenfield,  Irving,  M.D.,  Internal  Medicine.  Associate  Attending  Physician,  I 
Meadowbrook  Hospital,  Woodmere,  N.Y.  ! 

Greenstein,  Louis,  M.D.,  Biology.  Private  Practice,  Brooklyn,  N.Y. 

Grinker,  Roy  R.,  M.D.,  Psychiatry.  Director,  Institute  for  Psychosomatic  and 
Psychiatric  Research  and  Training,  Michael  Reese  Hospital,  Chicago,  Ill. 
Grogan,  E.  B.,  M.D.,  Biology.  Private  Practice,  Galesburg,  Ill. 

Grubbs,  William  E.,  M.D.,  Biology.  Private  Practice,  Torrance,  Cadif.  i 

Guatteiy,  Joseph  Michael,  M.D.,  Copper  Metabolism.  Acting  Assistant  Chief,  T 
Medicine,  Veterans  Administration  Hospital,  White  River  Junction,  N.H.  | 
Guerra,  Wilfred,  M.D.,  Biology.  Private  Practice,  New  Hyde  Park,  N.Y.  ■ 

Gunberg,  David  L.,  Ph.D.,  Experimental  Mammalian  Teratology.  Assistant  * 
Professor,  Anatomy,  University  of  Oregon,  Portland,  Oreg.  I 

Guttman,  Samuel  Arnold,  M.D.,  Biology.  Private  Practice,  Pennington,  N.J. 
Hackett,  John  D.,  L.M.C.C.,  Psychiatry.  Resident,  Verdun  Protestant  Hospital, 
Montreal,  P.Q.,  Canada. 

Hadley,  Hugh,  M.D.,  Dermatology.  Dermatologist,  Atlanta,  Gau 
Hadm,  J.  Dario,  B.S.,  Phaumaceuticals.  Vice>President,  Biddle  Sawyer  Cotp,, 
New  York,  N.Y. 

Halstead.  Bruce  W.,  M.D.,  Biotoxicology.  Chairmaui,  Depautment,  Biotoxicology, 
School  of  Tropical  and  Preventive  Medicine,  College  of  Medical  Evangelista, 
Loma  Linda,  Calif. 

Hamilton,  Charles  A.,  M.D.,  Biology.  Private  Practice,  Omaha,  Nebr. 

Hankoff,  Leon  D.,  M.D.,  Psychiatry.  Psychiatric  Resident,  Kings  County  Hos¬ 
pital,  Brooklyn,  N.Y. 

Hardin,  Robert  C.,  M.D.,  Intemad  Medicine.  Professor,  State  University  of  Iowa, 
Iowa  City,  Iowa. 

Harmon,  Eli  B.,  M.D.,  Psychiatry.  Resident,  Menninger  School  of  Psychiatry, 
New  York,  N.Y. 

Harris,  A.  Sidney,  Ph.D.,  Physiology.  Professor,  Head,  Department,  Physiology, 
Louisiana  State  University,  New  Orleans,  La. 

Harris,  JayF.,  M.D.,  Internal  Medicine.  Clinicsd  Assistant,  State  University  of 
New  York,  Syracuse,  N.Y. 

Harris,  Katherine  S.,  Ph.D.,  Psychoacoustics.  Research  Psychologist,  Haskins 
Laboratories,  New  York,  N.Y. 

Hatcher,  G.  Ralph,  M.D.,  Medicine.  Private  Practice,  Millington,  N.J. 

Hayes,  James  C.,  M.D.,  Pathology.  Resident  Physician,  Pathology,  Brooke 
Army  Hospital,  San  Antonio,  Texas. 

Heistad,  Gordon  T.,  Ph.D.,  Psychology.  Research  Fellow,  National  Institutes 
of  Mental  Health,  University  of  Minnesota,  Minneapolis,  Minn. 

Heitsch,  William  Charles,  M.D.,  Medicine.  Staff,  Lapeer  County  General  Hospital, 
Lapeer,  Mich. 

Herbert,  Michael,  M.S.,  Bacteriology.  Graduate  Assistant,  Lehi^  University, 
Bethlehem,  Pa. 

Hess,  Arthur,  Ph.D.,  Neurohistology.  Assistant  Professor,  Anatomy,  Washington 
University,  St.  Louis,  Mo. 

Hessland,  Ivar,  D.Sc.,  Sedimentology.  Professor,  Head,  Geology  Department, 
University  of  Stockholm,  Stockholm,  Sweden. 

Hicks,  Richard  B.,  M.D.,  Psychiatry.  Chief,  Female  Service,  Ypsilanti  State 
Hospital,  Ypsilanti,  Mich. 

Hillis,  William,  M.D.,  Surgery.  Surgical  Intern,  University  Hospital,  Cleveland, 
Ohio. 

Hinshaw,  Lemer  Brady,  Ph.D.,  Physiology.  Medical  Research  Fellow,  University 
of  Minnesota,  Mihneapolis,  Minn. 

Hiss,  J.  G.  Fred,  M.D.,  Rheumatic  Fever.  Professor,  Clinical  Medicine,  State 
University  of  New  York,  Syracuse,  N.Y. 
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Hitchman,  Irene  Link,  M.D.,  Psychobiology.  Clinical  Director,  Springfield  State 

:  Hospital,  Sykesville,  Md. 

Hodges,  John  H.,  M.D.,  Internal  Medicine.  Assistant  Professor,  Medicine, 

^  ]  Jefferson  Medical  College,  Philadelphia,  Pa. 

'  Hoffman,  Carl  J.,  M.D.,  Psychology.  Private  Practice,  Philadelphia,  Pa. 

I  Hollingsworth,  James  William,  M.D.,  Hematology.  Research  Assistant,  Depart- 

I  ment.  Internal  Medicine,  Yale  University,  New  Haven,  Conn. 

-  Houser,  Harold  B.,  M.D.,  Acute  Respiratory  Disease.  Director,  Laboratory  on 

^  ,  Housing  and  Illness,  Armed  Forces  Epidemiological  Board,  Syracuse,  N.Y. 

'■  Howland,  William  S.,  M.D.,  Anesthesiology.  Attending  Anesthesiologist,  Memorial 
■  i  Center,  New  York,  N.Y. 

;  Itteosohn,  Oswald  L.,  B.S.,  Microbiology.  Microbiologist,  Nepera  Chemical 

•  Company,  Yonkers,  N.Y. 

"  Janowsky,  Carl  C.,  M.D.,  Public  Health.  City  of  Philadelphia,  Department, 

!  Public  Health,  Philadelphia,  Pa. 

Jonas,  Frank  E.,  M.D.,  Biochemistry.  Medical  Consultant,  New  York,  N.Y. 

■  Jun^  Rodney  Clifton,  M.D.,  Tropical  Medicine.  Assistant  Professor,  Tulane 

I  University,  New  Orleans,  La. 

:  Kaufman,  Sumner,  M.D.,  Anesthesiology.  Director,  Anesthesia,  Southside  Hos¬ 
pital,  Bay  Shore,  N.Y. 

Kerkhoff,  S.A.,  M.D.,  Biology.  Private  Practice,  North  Platte,  Nebr. 

Kljrmenko,  Valentin,  M.D.,  Medicine,  Psychiatry.  Private  Practice,  Westerly,  R.L 

Knowles,  Jack  O.,  D.V.M.,  Oxygen,  Carbon  Dioxide.  Veterinary  Practice, 
Miami,  Fla. 

''  Knowles,  Robert  P.,  D.V.M.,  Oxygen  Therapy,  Private  Practice,  Miami,  Fla. 

Kosewick,  Sigmund  A.,  M.D.,  Medicine.  Private  Practice,  Luckey  Clinic, 

^  Luckey,  Ohio. 

'■  Kozma,  Joseph  J.,  M.D.,  Biology.  Private  Practice,  Waverly,  Ill. 

Kramer,  Robert  William,  M.D.,  Bacteriology.  Private  Practice,  Dayton,  C%io. 

Kregzde,  John,  M.D.,  Cancer  Biophysics.  Private  Practice,  New  York,  N.Y. 

^  Krivit,  William,  M.D.,  Pediatrics.  Instructor,  University  of  Minnesota  Hospitals, 
Miimeapolis,  Minn. 

I  Laceida,  Juan  R.,  M.D.,  Neurosurgery.  Resident  Doctor,  Weirton  General  Hos¬ 
pital,  Weirton,  W.  Va. 

I  Lackey,  Robert  W.,  Ph.D.,  Physiology.  Professor,  University  of  Texas  South¬ 
western  Medical  School,  Dallas,  Texas. 

I  Lacombe,  Pierre,  M.D.,  Psychiatry.  Private  Practice,  New  York,  N.Y. 

Larimer,  Robert  C.,  M.D.,  Internal  Medicine.  Private  Practice,  Sioux  City,  Iowa. 

Lauienzi,  Gustave  A.,  M.D.,  Medicine.  Assistant  Resident,  Medicine,  Bellevue 
Hospital,  New  York,  N.Y. 

Lawrence,  Ronald  Melvin,  D.O.  Neurophysiology.  Private  Practice,  North  Holly¬ 
wood,  Calif. 

Ledbetter,  Jesse  R.,  M.D.,  Cardiovascular  Surgery.  University  Hospital, 

Brimingham,  Ala. 

Lederman,  David,  M.D.,  Cardiology.  Chief  Resident,  Internal  Medicine,  Hospital 
S.  Juan  de  Dios,  Universidad  NacionaJ,  Bogota,  Colombia. 

Leibner,  Ira  Wallace,  M.D.,  Pediatrics.  Clinical  Instructor,  Pediatrics,  State 
University  School  of  Medicine,  Brooklyn,  N.Y. 

Lepere,  Oscar  R.,  M.D.,  Anthropology.  Private  Practice,  Houston,  Texas. 

Lequire,  Virgil  S.,  M.D.,  Vascular  System.  Assistant  Professor,  Anatomy, 
Vanderbilt  University  Medical  School,  Nashville,  Term. 

Lev,  Maurice,  M.D.,  Cardiac  Pathology.  Pathologist,  Director,  Research  Labor¬ 
atories,  Mt.  Sinai  Hospital,  Miami  Beach,  Fla. 

Levine,  Howard,  M.D.,  Cardiovascular  Disease.  Director,  Medical  Education, 
New  Britain  General  Hospital,  New  Britain,  Conn. 

Levy,  Irwin,  M.D.,  Neurology.  Associate  Professor,  Neurology-Psychiatry, 
Washington  University,  St.  Louis,  Mo. 

Ley,  Allyn  B.,  M.D.,  Hematology.  Associate  Professor,  Clinical  Medicine, 
Cancer  Coordinator,  Medical  College,  Cornell  University,  New  York,  N.Y. 

Lhotka,  John  F.,  Jr.,  M.D.,  Histochemistry.  Associate  Professor,  Anatomy,  Uni¬ 
versity  of  Oklahoma,  Oklahoma  City,  Okla. 

Libretti,  Amaldo,  M.D.,  Immunology.  Research  Fellow,  Allergy,  Chicago  Medical 
Sdiool,  Chicago,  Ill. 
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Lichtman,  A.  Lee,  M.D.,  Medical  Sciences.  Professor,  Surgery,  Director,  E<iu> 
cation.  New  York  Polyclinic  Medical  School  and  Hospital,  New  York,  N.Y, 

Liebennan,  Zelig  H.,  M.D.,  Surgical  Research.  Research  Fellow,  Surgery, 
Washington  University,  St.  Louis,  Mo. 

Lim,  Robert  K.  S.,  Ph.D.,  Physiology.  Head,  Physiology  and  Pharmacology, 
Miles-Ames  Research  Laboratory,  Elkhart,  Ind. 

Loumos,  Sarantos,  M.D.,  Psychosomatic  Medicine.  Physician,  Chicago  State 
Hospital,  Chicago,  Ill. 

Luikart,  Walter  P.,  M.D.,  Psychology.  Resident  Physician,  Psychiatry,  Queens 
General  Hospital,  Jamaica,  N.Y. 

McClure,  C.C.,  Jr.,  M.D.,  Neurosurgery.  Neurosurgeon,  Nashville,  Tenn. 

McConnell,  Frederick  L.,  M.D.C.M.,  Neurology.  Neurosurgeon,  Saskatoon  City 
Hospital,  Saskatoon,  Sask.,  Canada. 

MacDonald,  Frank  A.,  Jr.,  M.D.,  Surgery.  Surgical  Resident,  Jefferson  Davis 
Hospital,  Houston,  Texas. 

McDougal,  J.L.,  D.O.,  Biology.  Chairman,  Department,  Medicine,  Mt.  Clemens 
General  Hospital,  Mt.  Clemens,  Mich. 

McGraw,  James  W.,  Ph.G.,  Medicine.  Pharmacist,  Mercy  Hospital,  Redding,  Calif. 

MacLeod,  Kenneth  Lain  E.,  M.P.H.,  Public  Health.  Commissioner  of  Pufilic 
Health,  City  Hall,  Worcester,  Mass. 

McLimans,  William  F.,  Ph.D.,  Virology.  Research  Associate  Professor,  Uni¬ 
versity  of  Pennsylvania,  Philadelphia,  Pa. 

McWilliams,  Thomas  G.,  M.D.,  Medicine.  Private  Practice,  Pottsville,  Pa. 

Madison,  William  M.,  Jr.,  M.D.,  Internal  Medicine.  Trainee,  Cardiovascular 
Diseases,  National  Heart  Institute,  Emory  University  Clinic,  Emory  Uni¬ 
versity,  Ga. 

Magalhaes,  Hulda,  Ph.D.,  Experimental  Zoology.  Professor,  Zoology,  Bucknell 
University,  Lewisburg,  Pa. 

Maholick,  Leonard  T.,  M.D.,  Emotional  Disorders.  Medical  Director,  The  Bradley 
Center  for  the  Emotional  and  Social  Problems  of  Livings  Columbus,  Ga. 

Malnu-os,  Haqvin,  M.D.,  Internal  Medicine.  Professor,  Medicine,  University  of 
Lund,  Lund,  Sweden. 

Manchey,  L.  L.,  Ph.D.,  Pharmaceuticals.  Director,  Research,  Henry  K.  Wampole 
6s  Company,  Inc.,  Philadelphia,  Pa. 

Marcil,  Oscar  J.,  M.D.,  Medicine.  Private  Practice,  Gardner,  Mass. 

Marker,  Charlotte  B.,  M.D.,  Pediatrics.  Assistant  Professor,  Pediatrics,  New 
York  University,  Bellevue  Medical  Center,  New  York,  N.Y. 

Martin,  Joseph  J.,  D.D.S.,  Microbiology.  Research  Professor,  National  Agri¬ 
cultural  College,  Doylestown,  Pa. 

Masters,  William  H.,  M.D.,  Biology.  Associate  Professor,  Obstetrics,  Washington 
University,  St.  Louis,  Mo. 

Matzen,  Richard  Norman,  M.D.,  Pulmonary  Edema  Senior  Assistant  Surgeon, 
United  States  Public  Health  Service,  Cincinnati,  Ohio. 

Meller,  Robert  L.,  M.D.,  Neurology.  Private  Practice,  Minneapolis,  Minn. 

Meltzer,  Adolph,  M.D.,  Surgery.  Visiting  Surgeon,  Beth  Israel  Hospital,  Tumor 
Clinic,  Boston,  Mass. 

Meyer,  Eugene,  M.D.,  Psychiatry.  Associate  Professor,  Psychiatry,  The  Johns 
Hopkins  University,  Baltimore,  Md. 

Millonig,  Robert  C.,  D.Sc.,  Microbiology.  Research  Associate,  School  of  Hy¬ 
giene,  and  Public  Health,  The  Johns  Hopkins  University,  Baltimore,  Md. 

Mintz,  Solomon  S.,  M.D.,  Cardiology.  Cardiologist,  Southern  Division,  Albert 
Einstein  Medical  Center,  Philadelphia,  Pa 

Minz,  Bruno,  M.p.^  Neurophysiology.  Research  Professor,  Laboratoire  de 
Physiologie  Generale  de  la  Sorbonne,  Paris,  France. 

Montmorency,  Frank  A.,  M.D.,  Clinical  Research.  Physician,  Wayne  County 
General  Hospital,  Eloise,  Mich. 

Moore,  Michael  Judson,  M.D.,  Biology.  Private  Practice,  Roanoke,  Va 

Morton,  Roscoe  F.,  M.D.,  Biology.  Private  Practice,  Arkansas  City,  Kans. 

Nash,  Emile  C.,  M.D.,  Biology.  Veterans  Administration  Hospital,  Pittsburgh, 
Pa 

Naumburg,  George  W.,  Jr.,  M.D.,  Psychiatry.  Assistant  Attending  Psychiatrist, 
Mt.  Sinai  Hospital,  New  York,  N.Y. 
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Neet,  Claude  C.,  Ph.D.,  Psychology.  Professor,  Psychology,  Head,  Department, 
Psychology,  University  of  Massachusetts,  Amherst,  Mass. 

Newman,  William,  M.D.,  Human  Pathology.  Assistant  Professor,  Pathology, 
George  Washington  University  Hospital,  Washington,  D.C. 

Nice,  Philip  O.,  M.D.,  Microbiology.  Microbiologist,  Dartmouth  Medical  School, 
Hitchcock  Clinic,  Hanover,  N.H. 

Nickel,  William  F.,  Jr.,  M.D.,  General  Surgery.  Associate  Professor,  Clinical 
Surgery,  Cornell  Medical  School,  New  York,  N.Y. 

Noble,  Robert  P.,  M.D.,  Biology.  The  Sharon  Clinic,  Sharon,  Conn. 

Norstog,  Knut  J.,  Ph.D.,  Plant  Tissue  Culture.  Assistant  Professor,  Biology, 
Wittenberg  College,  Springfield,  Ohio. 

O’Keeffe,  Andrew  E.,  M.S.,  Tobacco  Research.  Acting  Manager,  Research  and 
Development,  Philip  Morris  Inc.,  Richmond,  Va. 

Oktem,  Ziya,  Prof.  Dr.,  Microbiology.  University  of  Istanbul,  Istanbul,  Turkey. 

Oppenheim,  Heinz,  M.D.,  Otolaryngology,  Veterans  Administration  Hospital, 
Louisville,  Ky. 

Osterritter,  John  F.,  M.D.,  Biology.  Private  Practice,  Pittsburgh,  Pa. 

Oudenhoven,  Richard  C.,  M.D.,  Biology.  Private  Practice,  North  Chicago,  Ill. 

Ovary,  Zoltan,  M.D.,  Immunology.  Research  Associate,  The  Johns  Hopkins  Uni* 
versity,  Baltimore,  Md. 

Penn,  Jack,  F.R.C.S.,  Plastic  Surgery.  Director,  Brentumst  Schlesinger  Re¬ 
search  Unit,  Johannesburg,  South  Africa. 

Persky,  Lester,  M.D.,  Medicine.  Senior  Instructor,  Urology,  Western  Reserve 
University,  Cleveland,  Ohio. 

Phelan,  Sally  S.,  B.A.,  Raising  Laboratory  Mice.  Manager,  Secretary,  Taconic 
Farms  Inc.,  Germantown,  N.Y. 

Philippe,  Raymond  Eloy,  Ph.D.,  Pharmacology.  Scientific  Director,  Laboratoire 
Toraud  Place,  Sorbonne,  Paris,  France. 

Picena,  Juan  Pedro,  M.D.,  Histology.  Professor,  Rosario,  Argentina. 

Pilz,  Clifford  G.,  M.D.,  Internal  Medicine.  Physician,  Veterans  Administration, 
Chicago,  IlL 

Plotnikoff,  Nicholas  P.,  Ph.D.,  Pharmacology.  Pharmacologist,  Nepera  Chemical 
Co.,  Inc.,  Yonkers,  N.Y. 

Polatin,  Alvin  H.,  M.D.,  Psychiatry.  Private  Practice,  New  York,  N.Y. 

Rabil,  Pierre  J.,  M.D.,  Cardiovascular  Diseases.  Assistant  Professor,  Surgery, 
Georgetown  University,  Washington,  D.C. 

Reddick,  Robert  Henry,  M.D.,  Psychiatry.  Psychiatrist,  Eastern  Shore  State 
Hospital,  Cambridge,  Md. 

Reyna,  L.  J.,  Ph.D.,  Psychology.  Associate  Professor,  Boston  University 
Hospital,  Boston,  Mass. 

Ribi,  Edgar,  Ph.D.,  Biophysics.  Biophysicist,  Rocky  Mountain  Laboratory, 
Hamilton,  Mont. 

Ringer,  Morris,  M.D.,  Cardiovascular  Disease.  Private  Practice,  Newton  Centre, 
Mass. 

Ross,  Russell,  D.D.S.,  Dentistry.  Dental  Intern.  Presbyterian  Hospital,  New 
York,  N.Y. 

Rubin,  Leonard  S.,  Ph.D.,  Psychophysiology.  Chief,  Human  Engineeripg  Section, 
Army  Chemical  Center,  Md. 

Sandground,  Jack,  Ph.D.,  Microbiology.  Consultant,  New  York,  N.Y. 

Schluger,  Joseph,  M.D.,  Internal  Medicine.  Resident,  Department,  Internal 
Medicine,  The  Long  Island  College  Hospital,  Brooklyn,  N.Y. 

Schonholzer,  Gottfried,  M.D.,  Physiology  of  Labor,  Lecturer,  University  of  Bern, 
Bern,  Switzerland. 

Schuman,  Elliott  P.,  M.A.,  Psychology.  Lecturer,  Health  Education,  Columbia 
University,  New  York,  N.Y, 

Schwartz,  Robert  S.,  M.D.,  Medicine.  Assistant  Resident,  Montefiore  Hospital, 
New  York,  N.Y. 

Sheib,  Benjamin  P.,  Physics,  Chemistry.  Layman,  Chatham,  N.J. 

Skoog,  William  Arthur,  M.D.,  Metabolism.  Instructor,  Medicine,  University  of 
California,  Los  Angeles,  Calif. 

Smith,  Robert  R.,  M.D.,  Research.  Senior  Research  Associate,  CIBA  Pharma¬ 
ceutical  Products  Inc.,  Summit,  N.J. 

Tarraf,  Nour  Ed-Din,  Minister  of  Public  Health,  Republic  of  Egypt,  Cairo,  Egypt. 


664 


.  TRANSACTIONS 


Thomas,  Vernon  L.,  M.D.,  Medicine.  Private  Practice,  Grandview,  Texas. 

Tritt,  Herman,  M.D.,  Psychiatry.  Psychiatrist,  Veterans  Administration,  N«i 
York,  N.Y. 

Vandenberg,  Steven  G.,  Ph.D.,  Psychology.  Psychologist,  University  ofMichif^ 
Ann  Arbor,  Mich. 

Verde  sea,  Arthur  S.,  M.D.,  Medicine.  Intern,  Medicine,  St.  Luke's  Hospital,  Ne 
York,  N.Y. 

Wallis,  Lila  A.,  M.D.,  Internal  Medicine.  Director,  Home  Care,  The  New  Ynt 
Hospital,  New  York,  N.Y. 

Wescheke,  Carl  L.,  B.S.,  Psychology.  Vice  President,  Chester-Kent  Inc.,  St, 
Paul,  Minn. 

Wilson,  Armine  T.,  M.D.,  Microbiology.  Chief,  Bacteriology,  Alfred  L  du  Poi 
Institute,  Wilmington,  Del. 

Wolf,  Abner,  M.D.,  Neuropathology.  Professor,  Neuropathology,  College  d 
Physicians  and  Surgeons,  Columbia  University,  New  York,  N.Y. 

Zarwyn,  Berthold,  Ph.D.,  Physics.  Senior  Research  Engineer,  Central  Researd 
Laboratory,  American  Machine  and  Foundry  Co.,  Greenwich,  Conn. 

Zotos,  George  Alexander,  E.I.M.,  Engineering.  Engineering  Consultant,  Nes 
York,  N.Y. 


STUDENT  MEMBERSHIP  I 

Cochin,  Alan,  Medical  Research.  Student,  Long  Island  University,  Brooklyn 
N.Y.  ^ 

Schaegelen,  Lorraine  B.,  Psychology.  Student,  Hunter  College,  New  York,  N.Y,  I 
Schwartz,  Norman  Martin,  Biology.  Student,  Hunter  College,  New  York,  N.Y.  I 


-It. 


h 


I 


f. 


If 


MXi 


r 


i 


